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MINE-VENTILATION  STOPPINGS. 


By  R.  Y.  Williams. 


PUBPOSE  OF  BEPOBT. 

In  this  report  an  attempt  is  made  to  discuss  the  first  cost  of  each 
of  several  types  of  mine-ventilation  stoppings,  as  well  as  the  total 
annual  expense  of  maintaining  a  stopping  during  its  required  period 
of  service.  Such  data  furnish  a  basis  for  comparison  of  the  efficiency 
of  the  different  types,  and  are  of  great  importance  to  an  engineer 
planning  the  development  of  a  mine.  The  data  given  were  obtained 
through  an  investigation  conducted  under  a  cooperative  agreement 
between  the  Bureau  of  Mines,  the  Illinois  State  Geological  Survey, 
and  the  department  of  mining  engineering  of  the  University  of 
Illinois.  The  report  itself  is  published  by  the  Bureau  of  Mines  as  a 
contribution  to  the  literature  on  safety  and  efficiency  in  coal  mining. 
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METHOD  OF  PBESENTING  COST  DATA. 

The  method  adopted  for  presenting  cost  data  in  this  report  is  as 
follows: 

AU  the  installation  and  maintenance  charges,  including  first  cost, 
maintenance,  renewals,  and  emergency  repairs,  have  been  reduced 
to  an  annuity  basis  so  as  to  show  the  amount  of  money  that  must 
be  set  aside  annually  to  cover  the  upkeep  and  to  provide  for  the 
amortization  of  capital  at  the  current  rate  of  interest  for  a  given 
term  of  years. 


6  MINE-VENTILATION   STOPPINGS. 

Because  the  Illinois  State  mining  law  specifies  the  minimiun 
amount  of  air  that  must  be  delivered  to  each  man  per  minute,  and 
because  the  sole  purpose  of  each  stopping  built  in  crosscuts  between 
the  fan  and  the  face  is  to  prevent  the  air  of  the  ventilating  current 
from  passing  through  the  crosscut  in  which  the  stopping  has  been 
built,  the  cost  of  air  leaks  through  stoppings  may  be  foimd  by  deter- 
mining the  additional  horsepower  required  by  the  fan  to  deliver 
air  from  the  surface  to  the  stopping  through  which  the  air  leaks. 

As  an  illustration  of  this  method  of  presenting  data  and  as  an 
explanation  of  the  terms  used,  let  it  be  assumed  that  a  number  of 
main-entry  stoppings  are  to  be  built  for  a  service  of  15  years.  The 
items  for  labor  and  material  in  building  the  stoppings  are  included 
in  "first  cost";  the  cost  of  labor  and  material  required  each  year  to 
make  the  stoppings  efficient  or  tight  is  included  under  ''maintenance 
charges."  In  case  the  material  used  in  building  the  stoppings  has 
an  average  life  of  only  five  years,  the  charge  for  the  additional  stop- 
pings that  must  be  built  to  give  the  15-year  service  comes  imder  the 
head  of  "renewal  repairs.'*  If  the  stoppings  are  of  such  a  type  as 
has  been  foimd  in  practice  to  be  subject  to  destruction  by  shot 
firing,  explosions,  fires,  water,  etc.,  "emergency  repairs"  will  be 
required.  If  air  leaks  through  the  stoppings  and  increases  the  vol- 
ume of  ventilation  required  of  the  fan,  the  amount  of  horsepower 
necessary  to  furnish  the  wasted  air  will  determine  the  cost  of  stop- 
ping inefficiency,  or  the  "cost  of  air  leaks  through  stoppings." 

TYPES  OF  STOPPINaS. 

The  word  "stopping  "  as  here  used  denotes  a  well  or  barrier  built  in  a 
crosscut  (termed  "cut-through"  or  "break-through"  in  Pennsylvania) 
to  prevent  air  from  passing  through.  The  word  "brattice"  denotes 
a  partition  built  in  a  room  or  entry  to  conduct  the  air  from  the  last 
crosscut  to  the  face. 

A  great  many  types  of  stoppings  are  in  use  in  the  840  coal  mines 
in  Illinois,  the  types  varying  from  efficient  concrete  stoppings  to 
inefficient  stoppings  constructed  of  powder  cans  and  coal  dust.  The 
data  in  Tables  2  to  12  relate  to  the  following  nine  types  of  stoppings: 

1.  Board  stopping,  rough  lumber. 

2.  Board  stopping,  tongue  and  groove. 

3.  Board  stopping,  planed  on  two  sides  and  painted. 

4.  Brick  stopping,  4-inch  wall. 

5.  Brick  stopping,  8-inch  wall. 

6.  Concrete  monolith,  8-inch  wall. 

7.  Concrete  blocks,  8-inch  wall. 

8.  Slate  or  gob,  dry  wall. 

9.  Slate  or  gob,  faced  with  cement. 


NUMBER  OF  STOPPINGS  REQUIBED.  7 

The  list  indicates  the  scope  of  the  investigation  herein  reported. 
The  main  purpose  is  to  suggest  a  way  in  which  a  superintendent 
or  mine  manager  may  solve  mine-stopping  problems  by  substituting 
particular  values  for  those  given  in  the  tables. 

SIZES  OF  STOPPINGS. 

The  dimensions  of  stoppings  vary  as  follows: 

Height 4  feet  6  inches  to  9  feet. 

Width 8  feet  to  25  feet. 

Thickness 1  inch  to  20  feet. 

Average  surface  area 79  square  feet. 

The  variations  in  height  are  due  to  differences  both  in  the  thickness 
of  the  coal  and  in  the  physical  properties  of  the  beds.  In  some  of  the 
beds  a  strong  top  coal  is  left  as  the  roof  and  in  others  a  '^draw  slate" 
above  the  coal  is  removed  in  mining.  Otherwise  the  stopping  height 
is  usually  the  same  as  the  thickness  of  the  coal  bed. 

The  width  of  stoppings  varies  between  the  wide  limits  mentioned 
above  because  of  the  attempt  at  some  mines  to  reduce  the  yardage 
in  crosscuts  by  driving  them  full  width.  The  objections  to  that 
method  are  that  wide  areas  of  roof  are  left  unsupported  and  that 
wide  stoppings  increase  the  air  leakage.  Except  in  gob  stoppings, 
the  width  of  stopping  is  made  12  to  36  inches  wider  than  the  crosscut 
in  order  that  the  stopping  may  be  ''set  in*'  a  groove  or  channel  which 
is  cut  in  the  rib  to  make  a  tight  joint. 

The  thickness  of  the  stopping  varies  with  the  material  of  which 
it  is  constructed,  and,  in  the  case  of  gob  stoppings,  with  the  amoimt 
of  waste  rock  made  in  entry  driving. 

As  crosscuts  in  Illinois  mines  should  have  an  area  of  not  less  than 
36  square  feet  when  usedfor  the  passage  of  air,  the  smallest  stopping 
will  have  a  surface  area,  including  the  groove,  of  about  50  square  feet. 
The  higher  limit  should  not  be  over  100  square  feet.  In  the  following 
tables,  all  data  relating  to  stoppings  are  reduced  to  a  common  basis, 
that  for  a  stopping  having  an  area  of  80  square  feet,  which  is  approxi- 
imately  the  average  size  of  Dlinois  stoppings. 

NX7MBEB  OF  STOPPINGS  BEQUOIED. 

In  the  usual  room-and-pillar  mine  in  Dlinois,  where  the  coal  beds 
average  5^  feet  in  thickness  and  crosscuts  are  driven  on  70-foot  cen- 
ters, the  building  of  two  entry  stoppings  for  every  acre  of  coal  bed 
developed  is  required.  In  that  State  in  1913  there  were  114  indi- 
vidual mines  with  an  output  of  more  than  200,000  tons  of  coal.  This 
output  required  at  each  mine  the  development  of  about  60  acres 
and  the  construction  of  100  new  entry  stoppings,  of  which  25  per  cent 
were  on  main  entries  and  75  per  cent  on  cross  entries. 
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MINE-VENTTLATION   STOPPINGS. 


Table  1  shows  the  averages  of  many  observations  made  to  deter- 
mine the  total  number  of  stoppings  required  for  various  acreages 
developed,  and  the  total  number  of  main  and  cross-entry  stoppings 
in  actual  use  at  different  periods  in  the  development  of  a  mine. 

Table  1. — Nvmber  of  mine  stoppings  required  for  increasing  mine  development. 


Total  mine  development  (acres). 


100.. 
200.. 
300.. 
400.. 
fiOO.. 
600.. 
700.. 
800.. 
900.. 
1,000 
1,500 
2,000 


Number  of  stoppings. 


liain 
entry. 


SO 
100 
1£0 
200 
250 
300 
350 
400 
450 
500 
750 
1,000 


Croes 
entry. 


150 

300 

450 

600 

750 

900 

1,050 

1,200 

1,350 

1,500 

2,250 

3,000 


Total. 


200 

400 

600 

800 

1,000 

1,200 

1,400 

1,600 

1,800 

2,000 

3,000 

4,000 


'  Number  of  stoppings  in 
actual  use. 


Main 
entry. 


60 
100 
160 
200 
250 
300 
350 
400 
450 
500 
600 
800 


Cross 
entry. 


150 
300 
400 
400 
400 
400 
400 
400 
400 
400 
400 
400 


TotaL 


200 
400 
550 
600 
650 
700 
750 
800 
850 
900 
1,000 
1,200 


COST  OF  EBECTIXa  AND  MAINTAIKINa  STOPPIXaS,  ON  A  TEABLY 

BASIS. 


FIRST  COST. 

Where  a  coal  bed  must  be  developed  by  expensive  shafts  it  is  con- 
sidered necessary  to  have  at  least  2,000  acres  tributary  to  each  hoist- 
ing shaft.  This  acreage  will  require  4,000  stoppings,  having  a  first 
cost  of  $20,000  to  $60,000,  a  fact  that  shows  how  heavy  an  item  in 
the  development  of  a  coal  mine  the  cost  of  stoppings  may  be. 

In  the  following  table  is  given  the  first  cost  of  nine  types  of  stop- 
pings. The  items  for  materials  and  labor  represent  the  average  figures 
determined  from  a  large  amount  of  information  submitted  by  coal 
operators.  For  each  stopping,  except  the  gob  type,  the  labor  item 
covering  the  building  of  the  stopping  includes  the  cost  of  cutting  a 
latch  or  groove  in  the  ribs  for  "setting  in"  the  stopping. 


COST  OF  EBEOTINQ  AND  MAINTAINING  STOPPINGS. 
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Tablb  2. — First  cost  of  erecting  nine  types  of  stoppings,  area  of  each  assumed  to  be  80 

(8  by  10)  squAsrefeet. 


Kind  of  stopping. 


Board,  rough 
lumber. 


Board,     tongue 
and  groove. 


Board,  82s, 
painted. 


B: 


ride.    4-1 


nch 


Brid^  84  n  e  h 
iraU. 


Concrete  nionc^ 
lith,  8-inch 
wall. 


Concrete  blocks, 
8  by  8  by  16, 
8-inch  waJL 


81eteorgob,dry 

wafl. 
Slat  ear  gob.  ce- 

ment-laoea,  1- 

inch. 


Cost  of  materials. 


Item. 


Boards., 
Nails... 
Posts... 


Total. 

Boards. 
Nails... 
Poets... 


TotaL. 

Boards.. 
Nails.... 
Posts. . . 
Pafait... 


Total. 


Brick... 
Cement. 
Sand 


Total, 

Brick... 
Cement. 
Sand... 


Total. 


Cement. . . 

Sand 

Form, 
nails, 
tools,  etc. 

Stone 


Total. 


Blocks. 
Cement 
Sand... 


Total 


Conent. 
Sand... 


Total. 


Quantity. 


0.10  board  feet. 
1  pound 


0.10  board  feet. 

2  pounds 

4 


0.10 board  feet. 

2  pounds 

4 


lean. 


0.7  thousand. 

1  barrel 

0.4yard 


1.2  thousand. 

1.8  barrels 

f  yard 


1.2  barrels 

0.35cubicyard. 


0.95  cubic  yard 


90 

2  seeks. 


0.7  barrel. 
0.4  yard.. 


Rate. 


125.00 
.04 
.08 


35.00 
.04 
.08 


35.00 
.04 
.08 
.25 


Amount 


S2.0O 
.04 
.32 


2.86 


3.50 
.08 
.32 


3.90 


3.50 
.08 
.32 
.25 


7,00 

2.00 

.42 


7.00 

2.00 

.42 


2.00 
.42 


.50 


.05 
.30 
.10 


2.00 
.42 


4.15 


4.90 

2.00 

.17 


7.07 


&40 

3.60 

.31 


12.31 


2.40 

.15 

1.50 


.48 


4.53 


4.50 

.6a 

.10 


5.20 


1.40 
.17 


1.57 


Cost  of  labor. 

Item. 

Hours. 

Rate. 

Amount. 

Delivery.. 
Building.. 
Calldng... 

Total.... 

2 

10 

2 

Sa32 
.32 
.32 

10.64 

3.20 

.64 

4.48 

Delivery.. 
Buildtaig.. 
Calking... 

Total.... 

2 

10 

2 

.32 
.32 
.32 

.64 

3.20 

.64 

4.48 

Delivery.. 
Buildhig.. 
CaDdng... 
Pahiting.. 

Total.... 

2 

10 

2 

2 

• 

.32 
.32 
.32 
.32 

.64 

3.20 

.64 

.64 

5.12 

Delivery.. 
Building.. 

Total.*.. 

2 

8 

.32 
.32 

.64 
2.56 

3.20 

Delivery.. 
Buildhig.. 

Total.... 

2 
14 

.32 
.32 

.64 
4.48 

5.12 

Delivery.. 
Buildhig.. 

Total.... 

2 

20 

.32 
.32 

.64 
6.40 

7.04 

Delivery.. 
Building.. 

Total... 

2 
14 

.32 
.32 

.64 
4.48 

5.12 

Buildhig.. 

Buildhig.. 
Facing 

Total.... 

22J 

22* 

.32 

.32 
.32 

7.20 

7.20 
1.28 

&48 

Total 

first 

cost. 


17.34 


8.38 


9.27 


ia27 


17.43 


11.67 


ia32 
7.20 

iao6 


In  order  to  show  the  annual  expense  necessary  to  bring  about  the 
amortization  of  the  first  cost  at  the  end  of  the  period  of  years  during 
which  service  is  lequired,  the  following  formula  may  be  used: 


Cr 


^— (l+r)--l 

Where  CssFirst  cost  in  dollare  for  coiistniction. 

n=Number  of  years  of  service  required  of  stopping, 
recurrent  rate  of  interest. 

x=B  Number  of  dollars  that  must  be  put  away  at  r  interest  which  will  yield  0 
dollars  in  n  years, 
and  2r= Annual  expense  necessary  to  yield  C  dollars  in  n  years. 

98251?— BuU.  99—16 2 
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MINB-VENTILATION  STOPPINGS. 


With  the  aid  of  the  formula,  Table  3  following  has  been  prepared 
to  show  the  annual  expense  necessary  to  amortize  first  costs  varying 
from  $5  to  $15  during  periods  of  service  of  3  to  20  years. 

Table  3. — Annual  expenu  to  amortize  Jlrst  cost  of  mirie'Ventilation  stoppings,^ 


Fintooflt. 


15. 

16. 
f7. 
18. 
10. 
SIO 
111 
912 
113 
114 
115 


LcDgth  of  flervJee,  y«an. 


3 


11.58 

1.89 
2.21 
2.53 
2.84 
3.16 
8.47 
3.79 
4.12 
4.42 
4.74 


11.14 
1.37 
L90 
L94 
2.07 
2.30 
2.53 
2.74 
2.97 
3.90 
3.43 


90.88 
1.06 
1.24 
L41 
1.59 
1.76 
1.94 
2.12 
2.30 
2.47 
2.65 


90.71 
.99 
1.00 
1.14 
1.29 
1.43 
1.57 
1.71 
1.99 
2.00 
2.14 


90.59 

.71 

.83 

.95 

1.07 

1.19 

1.31 

1.43 

1.54 

1.66 

1.78 


8 


9a  50 

.61 

.71 

.81 

.01 

1.01 

1.11 

1.21 

1.81 

1.41 

1.61 


9 


90.43 

.52 

.61 

.70 

.78 

.87 

.96 

1.04 

1.13 

1.22 

1.30 


10 


90.38 
.46 
.53 
.61 
.69 
.76 
.84 
.02 
.09 
1.07 
LIS 


15 


90.21 
.26 
.30 
.34 
.39 
.43 
.47 
.51 
.59 
.60 
.64 


20 


90.14 
.16 
.19 
.22 
.24 
.27 
.30 
.33 
.35 
.38 
.41 


Or 


a  Figuns  calcalated  from  fonntila  xr  "ttz^^Zi' 

The  annual  sum  to  be  charged  to  amortization  of  the  first  cost  of 
the  nine  types  of  mine  stoppings  represented  in  Table  2  is  given  in 
Table  4  following: 

Table  4. — Annual  expense  to  amortize  first  cost  of  nine  types  of  stoppings. 


Kind  of  stopping. 


Board,  rough  lumber 

Board,  tongue  and  groove 

Board,  planed  on  two  skies  and  painted . 

Brick,  4-inch  wall 

Brick,  8-inch  wall 

Concrete  mon(4ith,  8-fnch  wall 

Concrete  blocks,  8-inch  wall 

Slate  or  gob,  in  dry  wall 

Slate  or  gob,  faced  1  inch  with  cement... 


Annual 

sum  to 

Total  first 

amortize 

oost. 

first  oost 

for  period  of 
15  years. 

97.84 

9a  31 

8.38 

.36 

9.27 

.40 

10.27 

.44 

17.43 

.74 

11.57 

.49 

10.32 

.44 

7.20 

.31 

10.05 

.43 

COST   or  MAINTENANCE  OF   STOPPINGS. 

The  data  presented  in  Table  1  indicate  that  most  of  the  main- 
entry  stoppings  and  many  of  those  on  the  cross  entries  must  be  kept 
in  good  repair  in  order  that  the  ventilation  for  any  given  development 
may  be  maintained  in  accordance  with  the  State  mining  law.  In 
carelessly  constructed  stoppings  of  lumber  or  gob  material,  it  was 
frequently  found  that  the  maintenance  cost  amounted  to  $1  per 
stopping  per  year,  a  figure  that  is  larger  than  the  annual  expense  due 
to  the  first  cost  of  a  substantial  stopping  with  amortization  in  a 
15-year  period.  The  annual  maintenance  charges,  therefore,  assume 
importance  in  mine  economy. 


COST  OF  SBSCTIN6  AND  MAINTAINING  STOPPINGS. 
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The  cost  of  mainteaance  is  usually  given  as  a  yearly  charge,  and 
in  that  form  may  be  combined  directly  with  other  cost  items  to  obtain 
the  total  ammal  expense  of  stoppings.  Mamtenance  charges  on 
nine  types  of  stoppings  are  given  in  Table  5. 

Table  5. — Anniuil  mainUntmee  ehar^/or  nine  types  of  stoppings. 
(Stoppings  8  by  10-^  flqnaie  feet;  labor  at  82  oents  i>er  hour.] 


Kind  of  stopping. 


Board,  rao^  lumber 

Board,  tongae  and  groove. . 
Board,  punMl    on    two 

sides  and  painted. 

Briek,4in(^thidc 

Brick,  8  inches  thick 

Conoete  monolith,  8  iacbea 

thick. 
Concrete  blocks,  blocks  8 

by  10  by  20  iiudies. 
Slate  or  gob  ki  dry  waH. .. . 
Slate  or  gob  dry  waJl,faced 

with  cement. 


Nature  of  repairs. 


Lmnber  replaMmant. 

CaUdng 

Calking  and  painting. 


Cementing  on  ribs. 

do 

do 


.do. 


Retamping  at  top. 
Refacing 


Frequency  of  repairs. 


Once  per  annnm... 

do 

Once  every  2  yean. 

Once  every  S  years. 
Once  every  4  years. 
do 


.do. 


Once  every  6  months. 
Once  per  annum 


Cost  of  repairs  per  aninim. 


Material. 


saso 


.20 

.10 
.08 
.08 

.OS 


.25 


Labor. 


10182 
.32 

.16 
.11 
.11 

.11 

1.28 
.64 


Total. 


•a  82 
.32 
.82 

.26 
.19 
.19 

.19 

1.28 
.80 


COST  OP  BENEWAL  REPAIRS. 


THien  the  length  of  service  required  of  a  stopping  is  longer  than 
the  life  of  the  materials  used  in  construction,  renewals  will  be  neces- 
sary. The  average  main-entry  stopping  will  have  to  give  15  years 
of  service,  and  the  cross-entry  stopping  3  years.  The  choice  of  the 
type  of  stopping,  therefore,  shoidd  follow  a  comparison  of  the  probable 
length  of  service  of  the  stopping  with  the  life  of  the  materials  to  be 
used  in  its  construction. 

Table  6  gives  data,  obtained  from  mining  companies  in  Illinois,  on 
the  life  of  the  materials  used  in  building  stopping,  and  on  the  annual 
renewal  expense  necessary  for  a  period  of  15  years. 

Table  6. — Annual  expense  for  renewal  repairs  on  nine  types  of  stoppings. 
(This  table  Is  of  vaiae  in  the  consideration  of  main-«ntry  stoppings.] 


Kind  of  stopping. 


Board,  roagh  Itunber 

Board,  toogoe  and  groove 

Board,  82ii,  painted 

Brick,  4  incbes  thksk 

ftriek,  8  inches  tblck 

CooereCe  nuKDoiiUi.  8  bidies  thick. 

Conerete  bkxto.  blocks  8  by  10  by  20  inches 

Slate  or  gob  In  dry  wall 

Slate  or  eob  dry  wall,  faced  with  cement 

oOr  more. 


Average 
life. 


Yeart, 

3 

4 

5 

8 

«15 

•  15 

a  15 

a  15 

•15 


Cost 

of  each 

renewal. 


17.34 
8.38 
9.27 

10.27 


Annaal 

renewal 

expense 

for  period 

of  15  years. 


81.24 

1.08 

.80 

.44 
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MINE-VENTILATION   STOPPINGS. 


COST   OF   EMERGENCY  REPAIRS. 

Ttie  foregoing  discussion  of  renewals  deals  with  the  depreciation 
of  stoppings  through  normal  mining  conditions.  There  are,  however, 
extraordinary  agencies  that  destroy  stoppings,  some  of  these  agencies 
partly  or  wholly  wrecking  certain  types  of  stoppings  and  yet  in  no 
way  injuring  other  types.  Such  agencies  are:  Fires,  windy  shots, 
blown-out  shots,  explosions,  local  roof  falls,  general  mine  squeezes, 
and  water. 

In  order  to  obtain  the  annual  expense  for  emergency  repairs  on 
the  different  kinds  of  mine  stoppings,  information  was  obtained  from 
coal  operators  regarding  the  number  of  stoppings  and  the  cost  of 
repairs  each  year  because  of  these  extraordinary  agencies.  The 
quotient  obtained  by  dividing  the  total  cost  by  the  number  of  stop- 
pings in  use  at  the  particular  mine  was  chained  to  each  stopping  as 
the  annual  cost  of  emergency  repairs.  For  example,  at  one  mine  the 
records  showed  that  18  stoppings  were  destroyed  by  windy  or  blown- 
out  shots;  the  cost  of  each  repair  averaged  S6.67;  the  total  cost  was 
$120.06;  and,  as  1,000  stoppings  were  in  use,  the  expense  to  be  dis- 
tributed over  each  stopping  was  12  cents  per  annum. 

A  compilation  of  the  information  obtained  on  the  annual  expense 
required  for  emergency  repairs  is  given  in  Table  7  following. 

Table  7. — Annual  expense  for  emergency  repairs  on  different  types  of  stoppings. 


Kind  of  stopping. 


Boerd,  rough  lumber 

Board ,  tongue  and  groove . 

Board ,  planed  on  two  sides 
and  painted 

Brick,  4  inches  thick 

Brick,  8  inches  thick 

Concrete  monolith ,  8  inches 
thick 

Concrete  blocks,  blocks 
8  by  10  by  20  inches 

Slate  or  gob,  in  dry  wall. . . 

Slate  or  gob  dry  wall,  ce- 
ment faced 


Number  of  stoppings  destroyed  per  annum,  per  1,000  in  use. 

Cost  of 

each. 

repair. 

Fires. 

Wbidy 
shots. 

Blown- 
out 
shots. 

Explo- 
sions. 

Local 
fiais. 

Squeesee. 

Total. 

2 
2 

5 
5 

5 
5 

2 
2 

2 
2 

2 
2 

18 
18 

97.34 
8.38 

2 
0 
0 

5 
2 
0 

6 
2 
0 

2 
2 
2 

2 
0 
0 

2 

1 
0 

18 
7 
2 

9.27 
10.27 
17.43 

0 

0 

0 

2 

0 

0 

2 

11.57 

0 
0 

0 
0 

0 
0 

2 
2 

0 
0 

0 
0 

2 
2 

10.32 
7.20 

0 

0 

0 

2 

0 

0 

2 

10.05 

Annual 

expense 

stop- 
ping 

for 
emer- 
gency 
repairs. 


SO.  IS 
.15 

.17 
.07 
.03 

.02 

.02 
.01 

.02 


SUMMARY  OF  ANNUAL  EXPENSE  FOR  ERECTION  AND  MAINTENANCE  OF 

STOPPINGS. 

A  summary  of  the  data  in  Tables  4  to  7  gives  the  total  annual 
expense  for  erecting  and  maintaining  each  of  nine  types  of  stoppings 
during  a  period  of  15  years. 
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Table  8. — Summary  of  erection  andnutintenance  costs  ofstopjnngs,  reduced  to  the  annvxil 

expense  necessary  for  a' period  of  15  years. 


EJnd  of  stopping. 


Board ,  rough  lumber 

Board,  tongue  and  groove 

Boerd,  planed  on  two  sides  and  painted 

Brick,  41nchcs  thick 

Brick,  8  inches  thick 

OoDcrete  monoUih .  8  Inches  thick 

Concrete  blocks,  blocks  8  by  10  by  16  inches 

Slate  or  gob ,  in  dry  wall 

Slate  or  gob  dry  wall,  foced  with  cement 


Annual  expense  for  15  years. 


First 
cost. 


10.31 
.36 
.40 
.44 
.74 
.40 
.44 
.31 
.43 


Mainte- 
nance. 


10.82 
.32 
.52 
.26 
.19 
.19 
.19 
1.28 
.89 


Renew, 
als. 


$1.24 

1.02 

.80 

.44 


Emer- 
gency 
repairs. 


$0.13 
.15 
.17 
.07 
.03 
.02 
.02 
.01 
.02 


Total. 


12.50 

1.86 

1.89 

1.21 

.96 

.70 

.65 

1.60 

1.34 


COST  OF  Ant  LEAKS  THBOTJGH  STOPPINGS. 

The  sole  purpose  of  a  stopping  is  to  prevent  the  air  of  the  venti- 
lating current  from  passing  through  the  crosscut  in  which  the  stop- 
ping stands.  The  Illinois  mining  law  specifies  the  minimum  amount 
of  air  that  must  be  delivered  to  each  man  per  minute.  With  a 
given  number  of  men,  therefore,  a  definite  quantity  of  air  per  minute 
should  pass  through  the  last  crosscut  of  each  split.  If  the  stoppings 
are  absolutely  tight,  the  horsepower  required  by  the  fan  to  furnish 
this  air  may  be  obtained  by  the  formula: 

nor8epower=33^ 

\^Tiere  k=0.000,000,021,7a 

8=Brubbing  surface  in  square  feet 
v= velocity  in  feet  per  minute 

If  the  stoppings  are  not  tight,  air  will  leak  through  each  crosscut. 
The  amount  of  this  leakage  will  depend  on  the  area  of  the  hole  or 
crack  in  the  stopping  and  on  the  difference  between  the  air  pressures 
on  the  two  sides.  It  is  obvious  that  if  air  is  lost  before  it  reaches 
the  working  faces,  additional  air  must  be  delivered  by  the  fan  in 
order  to  have  the  desired  volume  reach  the  last  crosscut.  Inasmuch 
as  the  horsepower  required  to  move  the  air  varies  as  the  cube  of 
the  velocity,  a  serious  leakage  will  require  a  great  increase  of  horse- 
power to  move  the  larger  volume  of  air  at  the  higher  velocity.  At 
Illinois  coal  mines  a  horsepower  costs  about  $40  per  year,  including 
all  engine  and  transmission  losses.  Therefore,  if  the  quantity  of 
air  lost  be  known,  it  is  possible  to  figure  accurately  the  cost  of  the 
leaks  through  the  mine  stoppings.  This  cost  of  stopping  inefficiency 
should  be  charged  against  the  cost  of  stoppings  quite  as  much  as 
first  cost,  maintenance  charges,  etc. 

o  The  value  of  k  is  empiric  and  is  based  on  Investigation  by  J.  J.  Atkinson.  Other  Investigations  have 
given  different  values.  The  friction  constant  should  vary  for  the  different  points  of  air  passage  in  the 
niine;  hot  as  the  result  would  complicate  without  seriously  affecting  the  present  problem,  the  generally 
used  vahie  of  k  as  given  Is  assumed  to  operate  continuously. 
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Table  9  gives  results  of  observation  made  in  Illinois  mines  to 
determine  the  general  efficiencies  of  mine  stoppings.  Tins  table 
shows  for  each  mine  the  quantity  of  air  delivered  by  the  fan  and  the 
percentage  of  the  total  air  reaching  the  last  crosscut.  The  leakage 
is  surprisingly  large. 

Table  9. — Results  of  observation  of  actual  efficiencies  of  mine  stoppings. 


Mine 
Mo 


1 
2 
3 
4 

6 
6 
7 
8 
0 
10 

u 

12 
13 
14 
15 
16 


County. 


Franklin... 

do 

do 

do 

do 

Williamson. 

do 

do 

do 

do 

Macoupin.. 

do 

Christian... 
St.  Clair.... 

do 

Sangamon.. 


Fan. 


Koblnson 

Faddlewheel. 

Stevens 

Capell 

Paddlewheel. 

do 

Blakslee 

Paddlewheel. 

Serooco 

Paddlewheel. 

do 

Miller 

Paddlewlieel. 

....do 

....do 

....do 


SlaeofCui. 


Feet. 
18  by  8 


14 

20by7« 
21  by  6 


20  by  6 

21  by  6 
12 

12 


18  by  6 
14  by  4 

16  by  4 
16  by  4 
16  by  6 


Quantity  of 
alratflto. 


Cvbiefeet, 

119,533 

120,410 

66,300 

120,000 

64,700 

69,827 

96,000 

60,400 

88,100 

36,200 

77,864 

160,276 

28,130 

90,000 

62,240 

60,400 


Quantity  of 
alrstlMt 
t. 


CiMe/eet, 
18,232 
16,737 

6,160 
40,000 
15,600 

7,035 
22,140 

8.840 
12,300 

6,126 

9,600 
37,672 

2,380 
12,000 
10,960 
23,250 


Proportion 
of  air 


Per 


15.3 
13.9 

9.4 
33.3 
34.1 
11.7 
23.0 

7.6 
S2.2 
14.5 
12.4 
23.5 

8.5 
13.3 
17.6 
33.5 


CONCRETE  EXAMPLE  OF  LEAKAGE  THROUGH  STOPPINGS. 

To  show  the  effect  of  leakage  of  air  through  stoppings  on  the 
required  horsepower  at  the  fan  to  dehver  a  given  volume  of  air  at  the 
last  crosscut  let  the  conditions  outlined  below  be  assumed.  The 
conditions  are  chosen  to  represent,  as  nearly  as  possible,  actual  mining 
conditions  in  Illinois. 

Area  developed,  acres 600 

Size  of  air  compartment  of  shaft,  feet -6  by  10 

Depth  of  shaft,  feet 250 

First  split  of  air  at  foot  of  shaft;  secondary  splits  400  feet  from  shaft. 

Total  number  of  splits , 4 

Height  of  entries,  feet 6 

Width  of  entries,  feet 10 

Number  of  men  on  each  split 80 

Total  number  of  men  in  mine 320 

Volume  of  air  required  at  last  crosscut  on  each  split,  cubic  feet  per 

minute 9,000 

Total  air  in  mine  at  last  ciosecut,  cubic  feet  per  minute 36,000 

Number  of  main-entry  stoppings  on  each  split 75 

Number  of  main-entry  stoppings  in  mine 300 

Number  of  entry  stoppings  in  use  on  cross  entries  in  each  split 100 

Number  of  cross-entry  stoppings  in  use 400 

In  figuring  the  total  horsepower  on  the  air  three  factors  must  be 
considered;  as  follows:  (a)  All  the  air  deUvered  by  the  fan  passes 
through  both  the  air  shaft  and  the  hoisting  shaft;  (b)  one-half  the 
total  air  travels  each  way  from  the  foot  of  the  shaft  to  the  secondary 
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splittings;  (c)  one-quarter  of  the  total  air  passes  from  the  secondary 
splittings  to  each  of  the  four  splits.  In  the  present  problem  it  is 
assumed  that  no  air  is  lost  urtiile  the  ventilation  current  is  passing 
from  the  fan  to  the  secondary  splitting. 

Table  10  sho^s  the  horsepower  required  on  the  air  under  yarying 
ventilation  efficiencies  when  the  other  conditions  remained  as  as* 
sumed  abore.  The  term  'Ventilation  ^dency"  in  this  table  repre- 
sents the  ratio  between  the  Tohime  of  air  reaching  the  last  crosscuts 
and  the  volume  delivered  by  the  fan.  In  this  particular  problem  it 
represents  the  efficiency  of  4  lines  of  75  main-entry  stoppings  in 
preventing  the  leakage  of  air  through  the  crosscuts  in  whidi  these 
stoppings  are  built. 

Tablb  10. — Horsepower  required  for  different  efficiencut  of  stopping  fi 


Peroentage  of  air  delivered  by  fan  that  reaches  last  crosscut. 

aectJoziofmine.b 

100  per 
cent. 

50  per  cent. 

40perMBt. 

lOperecttt. 

SOperoant 

10  per  cent. 

Shfttt  (^60;  0-32: 2-500): 
QMDOtv  of  air,  cubic  feet 
ptrmmate 

86,000 

600 
X37 

18,000 

300 
a  45 

9,000 

150 
6.96 

73,000 

1.200 

18.18 

36,000 

600 
8.64 

18,000 

SOO 

27.84 

90,000 

1,500 
35.51 

45,000 

750 
7.10 

22,500 

876 
43.50 

120,000 

2,000 
84.17 

60,000 

1,000 
16.84 

30,000 

500 
77.33 

180,000 

3,000 
284.07 

90,000 

1,500 
66.82 

45,000 

760 
174.00 

360,000 
6,000 

Vfllodty  of  air,  feet  per  min- 
ute  

narsepover  required 

Sttftbottom  toaecondaryspUts 
(•-e0;o-32;  1-400): 
Quaotitv  of  air,  cubic  feet 
p<?r  minnte 

2,272.00 
1SO,.Q08 

Velocity  of  air,  feet  per  mln- 
ate 

8,000 

Horsepower  required 

Fourieparate  splits  (a— 60;  o- 
33;! -21,500): 
Quantity  of  air,  cubic  feet 
per  minute 

4M.50 

90.000 

Velocity  of  air,  feet  per  min- 
ute  

1,500 

Horsepower  required 

695.99 

ToW  horsepowerreqnifed . 

t.U 

40.66 

86.11 

178.84 

514.89 

8,423.11 

Osetat  $40  per  tiorsepoirar. 

tXi,1Ki 

81,986.40 

88,444.40 

87,188.60 

828,506.60 

8186,904.49 

•  Effiekncy  is  considered  100  per  cent  when  all  the  air  from  fan  travels  throughout  the  mine.  When 
eflSefteacy  if  lees  tliaa  MX)  per  cent  all  the  air  is  assumed  to  trarel  through  a  dirtance  equal  to  I  multiplied 
by  the  figure  for  the  peroentage  of  air  reaching  the  last  crosscut. 

^•-ina;  o-nibbfngsBrtMio;  {—leagth  of  entry. 


DATA  ON   COST   OP  AIR   LEAKS  THROUGH   STOPPINGS. 

mrnioi^  of  oBTAnoMO  data. 

In  obtaining  the  data  and  in  making  the  computations  for  deter- 
mining the  cost  of  horsepower  lost  by  the  leakage  of  air  through  mine 
stoppings  the  following  method  was  used: 

In  the  entry  or  part  of  an  entry  chosen  the  stoppings  were  all  of 
the  same  type  of  construction  and  the  travel  of  the  air  was  confined 
to  the  enta^y.  The  stoppings  were  examined,  and  their  numb^,  type, 
cost,  condition,  etc.,  were  recorded.  The  volumes  of  air  passing  the 
starting  and  the  finishing  points  on  the  entry  were  carefuUy  measured. 
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COMPUTATIONS   IfADB. 


The  difference  between  the  volume  at  the  starting  point  and  that 
at  the  finishing  point  was  taken  to  represent  air  lost  through  the 
stoppings.  As  all  the  stoppings  were  of  the  same  type  in  each  test 
and  as  their  number  was  small,  it  was  assumed  that  the  air  leaked 
equally  through  each  stopping. 

From  a  series  of  tests  an  average  figure  was  obtained  to  represent 
the  volume  of  air  that  imder  normal  conditions  would  pass  through 
each  of  the  diflFerent  types  of  stoppings.  The  volume  varied  widely 
for  each  type  because  of  differences  in  air  pressures  and  in  tightness. 
The  average  values  were  used  in  figuring  the  stopping  costs  in  the 
example  cited  above.  It  was  assumed  that  one-half  of  all  air  "lost" 
in  traveling  through  the  mine  was  short-circuited  through  doors. 

Table  11  shows  the  average  volume  of  air  lost  through  each 
stopping,  the  resulting  total  mine  efficiency,  and  the  annual  cost  of 
air  leakage  for  each  of  nine  types  of  stoppings. 

Table  11. — Cost  of  air  leaks  throtigh  stoppings  of  various  types. 

Azmual 

oostofair 

leakage 

stopping. 


Kind  of  stopping. 


Board,  roagh  lumber 

Board,  tongue  and  groove 

Board,  planed  on  two  sides  and  painted 

Brick,  i  inches  thick 

Brick,  8  inches  thick 

Concrete  monolith. 8  inches  thick 

Concrete  blocks,  blocks  8  by  10  by  20  inches 

Slate  or  gob  dry  wall 

Slate  or  gob  dry  wall,  faced  with  cement 


Ventilation 

Air  leak- 

efficiency 
of  entire 

age  per 
stopping 

mine. 

mmute. 

PerceTU. 

CvMcfeet. 

15 

340 

25 

180 

35 

171 

70 

26 

85 

10 

90 

6 

90 

6 

20 

240 

35 

171 

S74.49 

19.06 

8.04 

1.48 

.95 

.83 

.83 

34.33 

8.04 


SUMMARY  OP  COSTS   OF  ERECTION   AND  MAINTENANCE   OF   STOPPINOS. 

Table  12  gives  the  total  yearly  expense  for  each  of  the  nine  types  of 
stoppings.  It  should  be  remembered  that  the  figures  apply  to  mines 
in  which  100  cubic  feet  of  air  per  man  per  minute  is  delivered  to  the 
last  crosscut  on  each  main  split,  and  where  approximately  200,000 
tons  of  coal  is  produced  per  annum.  In  smaller  mines  the  cost  of 
air  leaks  might  be  less,  owing  to  lower  ventilating  pressures. 

Table  12. — Annual  expense  for  each  main-entry  stopping  having  a  length  of  service  of 

15  yearSy  in  mine  with  annual  production  oftOOjOOO  tons. 


Kind  of  stopping. 


Board,  rough  lumber 

Board ,  tongue  and  groove  (well  calked) 

Board,  s2s,  paintod  (well  calked) 

Brick,  4  incnes  thick 

Brick,  8  inches  thick 

Concreto  monolith,  8  inches  thick 

C'Oncreto  blocks,  8-inch  wall 

Slate  or  gob,  in  dry  wall.. 

Slate  or  gob,  dry  wail,  (aoed  with  cement 


First 
cost. 


10.31 
.36 
.40 
.44 
.74 
.49 
.44 
.31 
.43 


Cost  of 
mainte- 
nance. 


10.82 
.32 
.52 
.26 
.19 
.19 
.19 
1.28 
.89 


Cost  of 
renewal 
repairs. 


$1.24 

1.02 

.80 

.44 


Cost  of 
emer- 
gency 
repairs. 


SO.  13 
.14 
.15 
.07 
.03 
.02 
.02 
.01 
.02 


Cost  of 
air  leaks. 


174.49 

19.06 

8.04 

1.48 

.95 

.83 

.83 

34.33 

&04 


Total. 


176.99 
20.91 
9.93 
2.09 
1.91 
1.53 
1.48 
35.93 
9.38 
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DBSCBIPTIONS  OF  VABIOTTS  TYPES  OF  STOPPIXaS. 

GOB   STOPPINGS. 

Most  of  the  stoppings  in  Illinois  are  built  of  gob  material.  The 
dimensions  vary  as  follows:  Height,  4^  to  7i  feet;  length,  6  to  25 
feet;  thickness,  6  to  20  feet.  Generally  the  gob  material  is  merely 
thrown  into  the  crosscut;  frequently  one  or  both  sides  are  built  up 
with  a  dry  wall  of  ''slate;"  sometimes  the  wall  is  laid  in  cement  or 
is  luted  with  day,  and  occasionally  a  concrete  exterior  is  made  by 
building  a  form  about  12  inches  in  front  of  the  wall  and  tamping 
concrete  in  the  space  thus  obtained. 

The  following  general  objections  apply  to  the  use  of  gob  material 
for  stoppings: 

1.  The  labor  item  in  the  first  cost  is  high  (see  Table  13).  Except 
where  the  hoisting  equipment  is  overcrowded  in  handling  the  coal 
output,  the  gob  material  in  excess  of  the  storage  room  underground 
could  be  more  cheaply  handled  by  loading  it  into  cars  and  dumping 
it  into  some  form  of  conveyor  on  the  surface  by  means  of  a  deflecting 
bottom  in  the  weigh  pan. 

2.  The  maintenance  is  usually  expensive,  costing  from  60  to  90 
cents  per  stopping  per  year. 

3.  In  time  of  danger,  the  gob  stopping  is  not  tight  enough  to  seal 
off  fires,  leaves  much  debris  to  be  cleaned  up  after  an  explosion,  is 
not  packed  tight  enough  to  assist  in  preventing  the  spread  of  a  mine 
squeeze,  and  usually  contains  much  dry  coal  dust,  which  aids  in  the 
propagation  of  an  explosion. 

4.  A  lai^  volume  of  air  leaks  through  a  gob  stopping. 

Plate  I,  A,  shows  a  gob  stopping  6  feet  thick  and  faced  on  each 
side  with  a  dry  wall  of  *' slate"  and  roof  coal.  Some  stoppings  of 
this  type  showed  a  leakage  of  air  amoimting  to  1,300  cubic  feet  per 
nunute  per  stopping. 

In  one  mine,  because  of  a  serious  leakage  of  air,  each  of  the  gob 
stoppings  was  coated  with  12  inches  of  clay.  After  the  clay  had 
dried,  it  cracked  badly  and  allowed  the  air  to  pass.  The  stopping  was 
then  plastered  with  wood-fiber  cement  as  shown  in  Plate  II,  A,  the 
result  being  decidedly  satisfactory.  At  a  total  cost  of  $1.60  per 
80  square  feet  of  stopping,  the  air  leakage  was  reduced  to  28  feet 
per  stopping. 
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Table  13,  showing  labor  costs  for  building  gob  stoppings  of  differ- 
ent sizes,  follows: 

Table  13. — Cost  of  labor  for  building  gob  stopjnngs 

of  different  tizea. 


Area. 

Depth. 

(>>st  of  labor. 

Pergtop- 
pliig. 

$7.50 

10.50 

14.25 

8.49 

5.29 

2.62 

9.25 

3.37 

7.86 

13.10 

Peraquare 
foot. 

Per  60 
square  feet. 

Sfuarefegt. 

90 

132 

84 

60 

36 

143 

fi2 

147 

l.S7i 

Average.. 

Feet. 

8 

9 

SO.  138 
.117 
.108 
.101 
.088 
.073 
.065 
.065 
.054 
.070 

$11.04 
9.36 
8.64 
8.08 
7.04 
5.82 
5.18 
5.18 
4.32 
5.60 

6 
6 

6 
12 

. 

.068 

7.04 

• 

1 

BOARD   STOPPINGS. 

Board  stoppings  are  widely  used  in  Illinois  poal  mines.  They  may 
be  easily  and  cheaply  built  and  are  suitable  for  the  crosscuts  in  short 
butt  entries  and  for  the  break-throughs  in  rooms.  On  main  entries 
where  the  ventilating  pressure  causes  a  high  water  gage,  the  cost  of 
air  leaks  in  board  stoppings  is  large;  and  at  places  where  the  period 
of  service  is  over  3  years,  tjhe  maintenance  charges  and  the  renewal 
repairs  are  costly. 

Tongue-and-groove  boards  are  often  substituted  for  rough  lumber 
in  order  to  obtain  tight  stoppings,  and  may  be  given  additional  life 
by  painting.  The  importance  of  tight  joints  is  evident.  Tongue- 
and-groove  lumber  and  wood-fiber  plaster  are  materials  that  can  be 
used  to  build  tight  stoppings;  but  in  usual  practice  stoppings  made 
of  smooth  boards  are  leaky.     There  are  two  reasons  for  leakage. 

In  the  first  place,  plaster  will  not  adhere  firmly  to  smooth  boards 
that  are  subjected  to  the  vibration  incident  to  mining  operations. 
Even  if  the  plaster  would  adhere,  little  could  be  gained  in  plastering 
the  surface  of  the  stopping.  Tongue-and-groove  boards  will  not  leak^ 
and  paint  is  a  far  better  preservative  than  plaster.  Wood-fiber  plaster, 
however,  is  necessary  at  the  joints  where  the  stopping  touches  the 
ribs,  roof,  and  floor,  and  at  those  joints  a  roughened  surface  must  be 
offered  in  order  that  the  plaster  will  hold.  Roughening  may  be  ac- 
complished by  scratching  the  surface  of  the  stopping  with  a  sharp 
pick;  or  better  still  by  nailing  a  strip  of  lath,  prop  bark,  or  rough 
wood  within  1  inch  of  the  four  edges  of  the  stopping. 

In  the  second  place,  many  board  stoppings  leak  because  the  at- 
tempt has  been  made  to  build  them  without  cutting  a  V-shaped 
groove  into  the  rib  to  hold  the  cement. 


A.     GOB  STOPPING  FACED  WITH  OBV  WALL  OF  SLATE  AND  ROOF  C 


a.    CONCRETE-BLOCK  STOPPING. 


DESCMPTION8  OP  VABIOUS  TYPB8  OF  STOPPINGS. 
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Figure  1  shows  a  method  for  making  a  tongue-and^groove  stopping 
efficient  as  long  as  the  wood  lasts. 

Plate  II,  B,  shows  a  rough-lumber  stopping  coated  with  wood- 
fiber  cement.  The  loss  of  air  through  such  a  stopping  was  112  cubic 
feet  per  minute,  being  considerably  less  than  through  an  uncoated 
stopping. 

Figure  2  shows  a  rough-board  stopping  that  differs  somewhat  from 
the  usual  type.  The  boards  are  nailed  to  the  props  Uke  clapboards 
on  a  house  except  that  they  are  upside  down.  The  upper  edge  of 
each  board  is  beveled  and  offers  a  recess  which  holds  mortar  much 
more  securely  than  when  plastered  on  the  face  of  an  ordinary  stopping. 

A  cheap  and  efficient  stopping  for  room  entries  may  be  constructed 
by  nailing  Berkytt  lath  to  props  and  covering  the  lath  on  the  intake 
side  with  a  i-inch  coat  of  wood  fiber.     The  Berkytt  lath  are  boards, 
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FiorxB  1.— Properly  constructed  stopping  made  of  tongue-and-groove  lumber.    Note  braces  and  grooves 

cut  into  ribs. 

on  one  surface  of  which  grooves  are  cut  for  the  retention  of  the  wood 
fiber. 

The  items  that  enter  into  the  first  cost  of  a  stopping  of  this  kind 
are  reported  as  follows  for  a  size  7  J  by  9  feet: 

Material: 

Wood  fiber,  100  pounds 10.40 

Byrkett  lath,  70  square  feet,  at  |11.50  per  1,000 81 

Propfl,  3  at  8  cents 24 

NaOs 05 

11.50 

Labor: 

Setting  props  and  nailing  lath,  4  hours  at  35}  cents 1. 42 

Mixh^  wood  fiber  and  plastering,  4  hours  at  35}  cents 1. 42 

2.84 

Total 4.34 
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In  the  figure  for  total  cost,  no  allowance  is  made  for  cost  of  delivery 
of  materials  from  the  mine  entrance  to  the  crosscut  in  which  the 
stopping  is  to  be  built,  and  no  item  is  given  for  the  cost  of  cutting  the 
latches  or  grooves  in  the  ribs.  In  order  that  the  figure  for  total  cost 
may  be  compared  with  those  given  in  Table  2,  the  following  additions 
should  be  made: 

Total  cost  as  above  lor  area  of  67)  square  teet $4. 34 

Addition  for  larger  etopping,  SO-square-foot  area 80 

Addition  for  delivery  of  materia] 64 

Addition  for  cutting  groove  in  ribe 64 

Total 6.42 


FlatFBE  X.— Rough-boaidstopplng,  Inveitad  clapboard  tr[«< 
BRICK    STOFFmOS. 

In  a  few  mines,  bricks  are  used  in  building  efiicicnt  stoppmgs. 
Operators  report  that  except  in  locations  where  brickyards  are  close 
to  the  mines,  it  is  cheaper  to  use  concrete  than  brickwork  for  perma- 
nent stoppings. 

At  one  mine  where  8-inch  brick  stoppings  were  shaken  down  by  the 
shooting,  a  remedy  was  su^ested  by  George  S.  Rice,  chief  mining 
engineer  of  the  Bureau  of  Mines.  A  double-arched  stopping  was 
built,  each  arch  being  4  inches  thick,  and  the  two  arches  being  op- 
posed and  touching  at  the  center,  as  shown  in  figure  3.  The  space 
between  the  walls  was  filled  with  dirt  and  clay  hghtly  tamped. 
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CONCBBTE   STOPPINGS. 

In  many  mines,  concrete  is  the  most  suitable  material  for  use  in 
the  construction  of  efficient  stoppings  in  the  crosscuts  between  main 
air  passageways.  Concrete  stoppings  may  be  constructed  at  reason- 
able first  cost,' they  have  low  maintenance  chaiges,  they  are  durable, 


FiotrsB  3.— FbtD  otuobad  brick  itapplng. 

incombustible,  and  unaffected  by  water,  and  they  have  s  high  bearing 
strength  to  assist  in  supporting  the  roof. 

The  installation  costs   as  reported  by  several  operators   are  as 
follows : 

Tablb  14. — Fint  eotU  of  anureU-block  ttopping*. 


BiKofblooto. 

blocb. 

CoMot 

Cent  or 

Costal 

bulMlnn 
.topping. 

cost. 

Hdgbt. 

U^ 

BrawlUi. 

i 

10 

8 

u 
u 
11 

1 

t3.M 
S.S6 
1.1S 
6.  ST 
1.10 

1 

.71 

:7i 

7.J5 

i.U 

.w 

.71 

4.38 

10.28 

At  many  mines,  where  care  has  been  used  in  the  construction  of 
the  joint  at  the  roof  and  the  ribs,  there  have  been  no  maintenance 
charges.  At  one  mine  it  was  reported  that  this  item  amounted  to  5 
cents  per  annum  per  stopping,  based  on  an  expenditure  of  50  cents 
per  year  for  every  10  stoppings. 

Renewal  repairs  are  unnecessary  in  concrete  stoppings  because, 
under  ordinary  mining  conditions,  the  life  of  a  concrete  stopping  is 
longer  than  the  period  during  which  service  is  required. 
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There  is  aTaflable  little  inf  onostioa  cm  tlie  annual  cost  of  emergency 
repairs  for  concrete  stoppings.  One  operator  reports  that  10  per 
cent  of  such  stoppings  are  each  year  affected  by  heavy  shots  and  re- 
quire repairs  amounting  to  50  c^its  each.  -  Most  operators  find  no 
occaaon  for  emergency  repairs.  A  nearby  windy  or  blown-out  shot, 
or  a  general  mine  explosion,  is  usually  the  only  extraordinary  agent 
that  destroys  such  stoppings;  and  even  then  the  wreckage  from  them 
is  small  and  is  easily  cleaned  up,  and  most  of  the  blocks  are  suitable 
for  reuse,  WhMi  the  bottom  is  soft  and  has  a  tendency  to  heave,  it 
has  been  found  advisable  to  lay  the  foundation  course  of  cement  blocks 
at  a  rig^t  an|^  to  the  other  blocks  in  order  that  a  larger  bearing 
surface  may  be  obtained. 

The  methods  and  appliances  used  in  the  manufacture  of  cement 
blocks  at  the  mine  are  described  by  S.  O.  Andros  in  Bulletins  4  and  6 
of  the  Illinois  Coal-Mining  Investigations. 

Plate  I,  B,  shows  an  efficient  cement-block  stopping. 

LINE   BRATTICES. 

In  a  few  mines  in  southern  Illinois,  where  some  of  the  entries  are 
being  driven  into  gaseous  territory,  line  brattices  are  constructed  in 
order  to  conduct  the  ventilating  current  from  the  last  crosscut  to 
the  working  face.  In  mine-rescue  and  mine-recovery  work  it  is 
often  necessary  to  use  line  brattices  to  expedite  the  movement  of  a 
body  of  afterdamp.  Except  for  such  work,  line  brattices  are  seldom 
used  in  Illinois  coal  mines. 

Plate  III,  B,  shows  the  outer  or  crosscut  end  of  a  line  of  brattice 
in  the  Bureau  of  Mines  experimental  mine,  at  Pittsburgh,  Pa.,  and 
Plate  IV  shows  the  inner  or  face  end  of  the  same  brattice.  When 
a  line  of  brattice  cloth  is  run  from  the  last  crosscut  to  the  face  of  an 
entry  that  contains  explosive  or  noxious  gases,  a  miner  should  nail 
the  canvas  on  the  intake  side  to  avoid  danger  from  the  gases. 

ROCK-DUST-PROTECTED  STOPPrNO. 

A  rock-dust-protected  stopping  has  been  designed  by  George  S. 
Rice,  chief  mining  engineer  of  the  Bureau  of  Mines,  for  checking 
explosions  that  may  pass  through  a  crossqut.  In  one  explosion  test 
at  the  bureau's  experimental  mine  it  prevented  an  explosion  from 
entering  the  butt  headings,  and  in  other  tests,  when  placed  in  cross- 
cuts, it  prevented  the  explosion  in  one  butt  from  passing  into  the 
parallel  butt  entry.  The  construction  of  the  stopping  and  method 
of  erection  are  fuUy  described  in  Technical  Paper  84*  of  the  bureau. 

The  stopping  is  a  double  one,  as  shown  in  figure  4.  The  principle 
is  that  when  pressure  from  a  slight  explosion  is  thrown  on  the  stop- 

o  RioBt  0. 8.,  and  Jones,  L.  M.,  Methods  of  prvmitiDg  uid  llmiMng  azplosioos  in  ooal  mines:  Tootuoical 
P8p«r  84,  Bureau  of  Mines,  1915,  pp.  33-35. 


A.    ROCK-DUST-PROTECTED  STOPPING. 


OUTER  OF)  CROSSCUT  END  OF  LINE  BRATTICE,  BUREAU  OF  MINES  EXPERIMENTAL  MINE. 


INNER  OR  FACE  END  OF  A  LINE  BRATTICE. 
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ping,  half  of  it  goes  out  sad  the  other  half  is  loft  in  position  with 
some  dust  on  the  shelves  to  extinguish  a  delayed  flame.  In  case  of 
a  very  violent  explosion,  the  whole  stopping  goes  out  at  once  and  the 
rock  dust  extinguishes  the  flame.  This  type  is  adapted  for  use  with 
any  kind  of  a  sohd  stopping  as  a  core,  or  it  may  he  used  by  itself. 
The  construction  is  simple  and  is  not  expensive  at  mines  where 
flne  inert  dust  is  available;  such  as  flne  ashes,  or  the  flne  screenings 
from  limestone  quarries,  which,  in  Illinois,  can  be  purchased  for  SI 
to  (2  per  ton.  The  curtains  prevent  the  dust  from  becoming  damp 
under  ordinary  mining  conditions.    In  especially  -wet  mines  it  may 


SECTION   «-& 
— Rock-diist-protect«d  itapplng  dwIfDed  by  Bomu  at  lllnM. 


be  necessary  to  put  waterproofing  over  the  stopping  so  that  the 
water  may  be  deflected  to  one  side  or  the  other.  Galvanized-iroii 
sheets  may  be  used  or  the  walls  may  be  plastered  with  neat  cement. 
Plate  III,  A,  shows  the  rock-duet-protected  stopping  as  erected 
at  the  bureau's  experimental  mine. 


COLLAPSIBLE    STOPPING. 


A  great  deal  has  been  written  about  the  use  of  coDapeible  stop- 
pings which  would  go  out  at  the  instant  of  an  explosion  and  thus 
relieve  the  pressure  of  the  explosion  wave.  The  writer  believes  that 
the  arguments  for  and  against  the  use  of  these  stoppings  ore  not 
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conclusive,  and  that  the  mitiation  of  an  explosion  should  be  pre- 
vented by  the  use  of  permissible  explosives,  by  efficient  humidifica- 
tion,  and  by  ample  ventilation  to  prevent  the  accumulation  of 
pockets  of  methane,  rather  than  that  recourse  should  be  had  to  a 
flimsy  stopping  which  will  permit  the  leakage  of  air  required  for  the 
well-being  of  the  men  at  the  face.  If  it  is  thought  best  to  use  a 
collapsible  stopping  the  rock-dust  stopping  previously  described 
accomplished  the  purpose  sought  and  also  furnished  means  of  extin- 
guishing that  branch  of  the  explosion  that  blew  down  the  stopping. 

CONCLUSIONS. 

One  of  the  most  obvious  conclusions  from  the  inspection  of  several 
hundred  stoppings  is  that  the  efficiency  of  a  mine  stopping  to  prevent 
the  leakage  of  air  depends  more  on  the  care  with  which  the  joints 
are  made  than  on  the  material  that  is  used  in  construction.  Some 
concrete  stoppings  were  found  to  leak  large  quantities  of  air  because 
they  were  not  set  into  the  rib,  and  new  tongue-and-grooVe  stoppings 
were  tight  when  carefully  constructed.  The  amortised  first  cost  is 
a  small  item  when  compared  with  the  maintenance  and  efficiency 
charges,  and  the  cost  of  cutting  a  latch  in  the  rib  is  only  a  small 
part  of  the  initial  expense.  The  preparation  of  grooves  in  the  ribs 
should  therefore  always  precede  the  erection  of  stoppings. 

A  general  protest  is  being  made  against  high  velocities  in  the 
ventilating  currents  in  coal  mines.  The  practical  facts  on  which 
this  protest  is  based  are  as  foUows: 

1.  The  amount  of  power  required  to  move  a  given  volume  of  air 
increases  directly  as  the  cube  of  the  velocity.  If  leaky  stoppings 
make  it  necessary  for  the  fan  to  deliver  4  times  as  much  air  as  would 
be  required  if  the  stoppings  were  tight,  the  cost  of  the  power  to 
move  the  larger  volume  of  air  would  be  64  times  that  for  the  smaller 
volume. 

2.  As  the  temperature  and  the  relative  humidity  of  the  upcast  at 
any  mine  are  approximately  constant  throughout  the  year,  the 
quantity  of  moisture  extracted  from  the  dust  will  vary  directly  with 
the  quantity  of  air  in  circulation.  If  therefore  the  fan  furnishes  4 
times  as  much  air  as  would  be  required  if  the  stoppings  were  efficient, 
the  amount  of  water  extracted  from  the  mines  during  cold  weather 
would  be  increased  nearly  fourfold.  The  drying  out  of  coal  mines  in 
the  winter  causes  a  dangerous  condition  to  exist  in  the  event  of  a 
blown-out  or  windy  shot  or  the  ignition  of  a  pocket  of  gas. 

3.  The  weight  of  fine  dust  that  is  in  suspension  in  the  mine  air 
varies  approximately  as  the  cube  of  the  velocity  of  the  ventilating 
current.  This  relation  has  been  established  by  W.  H.  Carrier,  chief 
engineer  of  the  Buffalo  Forge  Co.,  in  experiments  to  determine  the 
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weight  of  material  which  can  be  handled  by  velocities  above  the 
critical  speed.  The  greater  the  velocity  of  the  air,  therefore,  the 
larger  will  be  the  amount  of  fine  coal  dust  that  will  be  in  suspension 
and  deposited  evenly  along  the  entry  way  ready  to  assist  in  the 
propagation  of  an  explosion  throughout  the  mine. 

It  is  evident  that  mine  economy  and  mine  safety  require  that 
stoppings  «long  the  main  air  passageways  should  be  efficiently 
installed  and  maintained. 
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MANUFACTURE  AND  USES  OF  ALLOY  STEELS. 


By  Henby  D.  Hibbard. 


INTBODUCnON. 

The  object  of  this  report  is  to  give  briefly  information  of  present 
value  relating  to  the  manufacture  and  uses  of  the  various  commercial 
alloy  steels,  with  the  hope  of  stimulating  the  demand  for  such  steels 
and  extending  their  practical  use.  The  report  is  issued  by  the 
Bureau  of  Mines  as  a  contribution  to  the  increase  of  efficiency  in 
the  preparation  and  utilization  of  the  mineral  resources  of  the  United 
States. 

Alloy  steels  are  included  in  the  so-called  special  steels,  but  as  the 
latter  term  is  often  used  in  the  mills  to  designate  broadly  any  steels 
intended  for  purposes  other  than  those  served  by  the  regular  product, 
it  has  seemed  best  to  use  the  more  specific  term  of  alloy  steels  in  this 
report. 

Alloy  steels  are  bringing  about  a  series  of  revolutions  in  various  in- 
dustrial fields  in  which  steel  plays  an  important  part.  Most  elements 
that  could  be  procured  in  sufficient  quantity  have  been  alloyed  with 
iron  in  various  proportions,  either  alone  or  in  combination  with 
others,  in  the  search  for  useful  alloy  steels.  Those  steels  that  have 
gained  and  maintained  for  themselves  a  place  in  current  use  are 
discussed  in  this  report.  Some  of  them  have  had  an  ephemeral  life 
of  usefulness  which  would  no  doubt  have  been  prolonged  had  not  some 
other  more  satisfactory  steel  been  developed. 

Probably  the  first  useful  alloy  steel  was  Mushet's  self-hardening 
tungsten  tool  steel,  patented  in  1868.  Fifteen  years  later  chromium 
steel,  really  containing  chromium,  was  struggling  for  recognition  for 
some  purposes,  the  chief  of  which  was  for  the  manufacture  of  solid 
shot  for  piercing  armor.  In  both  of  these  steels  the  effect  of  the 
allojring  element  as  used  was  in  a  way  proportional  to  the  amount 
contained.  In  1882  Hadfield  made  his  epoch-making  discovery  of 
manganese  steel  and  demonstrated  that  in  iron  metallurgy  it  is  not 
safe  to  take  for  granted  anything  as  to  the  properties  of  an  alloy  of 
iron  with  other  elements,  basing  one's  opinion  on  past  experience 
and  knowledge,  and  that  the  effect  of  an  alloying  element  may  not 
be  proportional  to  its  content. .  The  development  of  useful  nickel 
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steels  f oUowed  in  a  few  years  and  the  field  thus  opened  has  since  then 
been  worked  by  many  able  and  zealous  men,  vrith  results  of  great 
importance  and  value. 

DEFINITIONS. 

Definitions  of  terms  used  throughout  this  report  are  presented 
below: 

Simple  steel f  often  called  "carbon  steel,"  consists  chiefly  of  iron, 
carbon,  and  manganese.  Other  elements  are  always  present,  but 
are  not  essential  to  the  formation  of  the  steel,  and  the  content  of 
carbon  or  manganese,  or  both,  may  be  very  small. 

AUoy  steel  is  steel  that  contains  one  or  more  elements  other  than 
carbon  in  sufficient  proportion  to  modify  or  improve  substantially 
and  positively  some  of  its  useful  properties. 

Simple  aUoy  steel  is  alloy  steel  containing  one  alloying  element,  as 
for  example,  simple  nickel  steel. 

Ternary  steel  is  alloy  steel  that  contains  one  alloying  element,  the 
term  being  synonymotis  with  "simple  alloy  steel." 

Quaternary  steel  is  an  alloy  steel  that  contains  two  alloying  ele- 
ments such  as  chromium-vanadium  steel. 

Complex  steel  is  an  alloy  steel  containing  more  than  two  alloying 
elements,  such  as  high-speed  tool  steel. 

Alloy-treated  steel  is  a  simple  steel  to  which  one  or  more  alloying 
elements  have  been  added  for  curative  pTUT)oses,  but  in  which  the 
excess  of  the  element  or  elements  is  not  enough  to  make  it  an  alloy 
steel. 

Raw  steel  is  steel  as  cast,  either  an  ingot  or  casting. 

Natural  steel  is  steel  in  the  condition  left  by  a  hot-working  opera- 
tion, and  cooled  in  the  open  air. 

Normalized  steel  is  steel  that  has  been  given  a  normalizing  heat 
treatment  intended  to  bring  all  of  a  lot  of  samples  under  considera- 
tion into  the  same  condition. 

Annealed  steel  is  steel  that  has  been  subjected  to  an  annealing 
operation. 

Hardened  steel  is  steel  that  has  been  hardened  by  quenching  from 
or  above  the  hardening  temperature. 

Tempered  steel  is  steel  that  has  been  hardened  and  subsequently 
tempered  by  a  second  lower  heating. 

These  definitions  are  based  on  the  definition  of  steel  that  states 
that  steel  must  be  usefully  malleable.  The  definitions  of  alloy  steels 
do  not  include  effects  which  are  negative,  or  the  prevention  or 
cure  of  ills  which  the  steel  might  possess  were  the  alloying  element 
or  elements  not  added. 

An  iron  alloy  is  not  herein  considered  as  useful  unless  it  presents 
some  useful  property  or  modification  of  a  property  not  offered  to  the 
same  degree  by  a  simple  steel. 
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The  definition  of  alloy  steel  given  does  not  agree  with  that  of  all 
writers  on  the  subject  of  mixtures  of  iron  with  other  elements  than 
carbon;  but  it  does  agree  with  that  of  some  who  have  been  careful 
enough  when  considering  the  whole  range  of  elements  to  designate 
them  as  alloys,  such  as  silicon-iron  alloys  and  chrome-vanadium 
alloys,  the  range  covering  the  useful  alloys  or  steels  as  well  as  those 
in  which  the  alloying  element  is  added  for  curative  purposes  and  others 
that  have  only  a  scientific  interest. 

.  Elements  other  than  carbon  may  be  desired  in  steel,  and  therefore 
be  added  to  or  permitted  to  remain  in  it  for  three  distinct  purposes, 
as  follows: 

1.  To  give  the  composition  desired  and  to  cure  in  simple  steels 
some  ills  or  defects  that  the  final  product  might  otherwise  possess. 

2.  To  make  alloy  steels.  Such  elements  are  manganese,  silicon, 
tungsten,  nickel,  chromium,  vanadium,  cobalt,  and  others  of  less 
importance. 

3.  To  make  alloys  which,  though  they  excite  only  a  scientific 
interest,  form  a  great  part  of  the  whole  field  of  iron  metallui^. 
Many  a  one  of  these  alloys  would  have  a  commercial  value  if  another 
alloy  were  not  known  that  meets  particular  requirements  more  sat- 
isfactorily either  as  to  efficiency  or  as  to  cost  or  both. 

The  various  additions  of  the  element  manganese  to  iron  illustrate 
well  the  three  purposes  of  alloys  as  above  specified.  A  moderate 
amount,  usually  less  than  1^  per  cent,  is  added  to  molten  steel  made 
by  an  oxidation  process  (pneumatic  or  open  hearth)  to  prevent  red- 
shortness.  A  much  larger  amoimt  is  added  to  make  commercial 
manganese  steel,  which  should  contain  11 1^  14  per  cent  of  manganese. 
Outside  of  these  limits,  a  great  number  of  manganese-iron  alloys 
may  be  made,  most  of  which  have  only  a  scientific  value,  though  the 
number  of  useful  ones  is  always  liable  to  be  extended  as  new  require- 
ments and  methods  of  manufacture  and  treatment  arise.  Simple 
commercial  steels  containing  between  1.5  and  2  per  cent  of  manganese 
are  made,  and  manganese  steels  contaming  less  than  11  per  cent  man- 
ganese are  useful  for  certain  purposes;  but  the  manganese  content 
of  the  great  bulk  of  the  steels  made  is  within  the  limits  given. 

The  total  number  of  possible  alloys  of  iron  with  varying  propor- 
tions of  other  elements  is  of  course  practically  infinite.  So,  indeed, 
is  the  number  of  useful  alloys,  though  they  form  only  a  small  fraction 
of  the  whole  number. 

This  report  deals  exclusively  with  alloy  steels,  as  defined  above, 
in  which  the  alloying  element  or  elements  modify  directly,  positively, 
and  usefully  some  of  the  properties  of  the  products. 
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LIST  OF  XT8EFTTL  AXLOY  8TBBLS. 

The  eight  alloy  steels  named  below  in  the  chronological  order  of 
their  introduction  are  considered  to  meet  this  requirement: 

1.  Simple  tungsten  steels. 

2.  Simple  chromium  steels. 

3.  Manganese  steel. 

4.  Simple  nickel  steels. 

5.  Nickel-chromium  steels. 

6.  Silicon  steels. 

7.  High-speed  tool  steels. 

8.  Chromium-vanadium  steels. 

The  first  four  and  the  sixth  of  these  are  ternary  steels,  the  fifth 
and  eighth  are  quaternary,  and  the  seventh  ia  of  complex  compo- 
sition. Some  of  these  steels  may  be  treated  while  molten  by  the 
addition  of  a  purifying  or  solidifying  element  or  elements  in  such  a 
small  quantity  as  not  greatly  to  affect  the  final  properties.  Thus  a 
small  amoimt  of  titanium,  aluminum,  or  vanadium  may  be  added  to  a 
chromium  or  nickel  steel  and  hardly  appear  in  the  final  analysis. 
Such  a  result  is  seen  in  the  alloy-treated  steels. 

AIXOY-TBEATED  STEELS. 

AUoy-treated  steels  need  be  only  briefly  alluded  to  here.  The 
method  of  manufacturing  all  steels  made  by  the  oxidation  processes 
involves  the  presence  in  suspension  or  solution  of  harmful  amounts 
of  oxygen  or  oxides,  and  before  the  metal  is  cast  means  must  be  taken 
to  lessen  the  oxygen  or  oxide  content  to  or  below  an  allowable  maxi- 
mum. One  or  more  of  certain  elements  having  at  steel-melting  tem- 
peratures a  stronger  affinity  for  oxygen  than  iron  has,  are  added  to 
the  molten  metal.  The  oxygen  leaves  the  iron  to  seize  such  added 
elements,  forming  new  products  insoluble  in  the  iron,  which  in  time 
are  precipitated,  gather  together,  and  leave  the  metal. 

Such  unfinished  steel  also  contains  in  solution  a  quantity  of  gases 
which  require  to  be  decomposed  or  kept  in  solution,  for,  if  not,  when 
the  steel  is  solidifying,  part  of  the  gases  will  leave  it  and  part  will  be 
imprisoned  in  the  metal  and  form  gas  holes,  of  the  variety  commonly 
called  blowholes.  The  addition  of  certain  elements  to  the  metal 
tends  to  prevent  the  separation  of  the  gases. 

Further  there  is  a  tendency  of  certain  of  the  ingredients  of  steel 
to  collect  or  segregate  in  an  injurious  way  in  the  upper  central  part 
of  a  lai^e  ingot  or  casting,  but  the  addition  of  certain  elements 
lessens  this  tendency. 

Elements  that  are  added  to  prevent,  minimize,  or  cure  these  ills 
are  manganese,  which  is  the  most  important,  silicon,  aluminum, 
titanium,  vanadium,   and  others  of  less  importance.     The  effects 
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ftimed  at  are  therapeutic  and  though  real  and  valuable,  are  mostly 
negative  rather  than  positive;  that  is,  effort  is  made  to  cause  the  steel 
to  be  free  from  some  or  all  of  the  defects  cited. 

The  proportions  of  these  elements  added  are,  generally  speaking, 
only  enough  to  cure  the  defects  to  be  removed  or  coimteracted,  with 
a  suitable  excess  to  reasonably  assure  such  a  result  in  view  of  the 
uncertainties  and  irr^ularities  of  steel  making.  The  excess  of  any 
of  the  elements  named  has  indeed  some  effect  on  the  final  properties 
of  the  steel,  but  not  enough  to  put  the  product  in  the  class  of  the 
alloy  steels.  Steels  so  treated  are  considered  as  alloy-treated  steels, 
they  being  simple  steels,  outside  the  subject  of  this  paper,  as  the 
alloying  elements  do  not  give  new  or  modified  properties  of  important 
conun^rcial  value. 

Some  alloying  elements  are  added  to  simple  steel  in  such  propor- 
tions as  to  produce  only  a  curative  effect,  and  the  product  can  not 
definitely  be  classified  as  a  simple  or  an  alloy  steel,  as  can  be  done 
when  a  rather  large  excess  of  the  element  is  added.  The  elements 
vanadiimi  and  siUcon  are  examples,  both  being  added  to  cure  ills  in 
the  steel,  and  an  excess  of  either  causes  the  physical  properties  of  the 
steel  to  vary  to  some  extent.  Both  are  used  also  in  undoubted  alloy 
steels  that  have  imique  properties,which  would  not  be  anticipated 
from  the  observation  of  the  effect  of  a  moderate  excess  of  either  in  a 
simple  steel. 

CVude  alloys  of  the  alloying  elements  that  are  used  as  ingredients  in 
steel  making  and  are  not  useful  themselves  in  their  crude  state  are  not 
herein  considered. 

THE  USES  OF  ALLOY  STEELS. 

With  few  exceptions  all  alloy  steels  are  heat  treated  for  use,  the 
treatment  developing  in  them  the  high  physical  properties  they  are 
capable  of  possessing.  No  general  law  regarding  the  effects  of  heat 
treatment  of  alloy  steels  can  be  laid  down.  Some  steels  when 
quenched  from  a  high  heat  are  hardened  and  others  are  softened,  the 
latter  being  generally  those  with  the  higher  contents  of  certain  of  the 
alloying  elements.  In  respect  to  the  effects  of  heat  treatment  each 
steel  is  considered  by  itself. 

Developments  in  the  manufacture  of  alloy  steel  and  in  the  heat 
treatment  of  steel  have  occurred  somewhat  simultaneously  during  the 
past  30  years,  and  care  Ls  needed  lest  the  benefits  gained  from  one  be 
confounded  vnth  those  afforded  by  the  other.  The  highest  merit  is 
obtained  from  the  adoption  of  both  developments  together — that  is, 
the  use  of  heat-treated  alloy  steels.  Usually  heat  treatment  has  con- 
tributed more  to  the  superior  properties  of  the  metal  than  has  the  use 
of  alloys. 
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The  alloy  steels  discussed  in  this  report  are  considered  as  regards 
their  value  for  structural,  cutting,  or  electrical  purposes. 

Steel  used  for  structural  purposes  is  taken  to  include  that  used  for 
the  stationary  as  well  as  the  moving  parts  of  structures  and  machines, 
including  bridges,  buildings,  vZL.  machine  tools  (except  the 
cutting  tools),  armor  plate,  ships,  ores  involving  resistance  to  abrasion 
or  corrosion,  and  wire,  except  electrical  wire,  and  in  general  all  steel 
not  used  in  the  other  two  fields. 

Steel  used  for  cutting  purposes  includes  that  employed  to  form  an 
actual  cutting  edge  and  that  used  in  projectiles  for  war. 

Steel  for  electrical  purposes  is  used  in  magnets,  core  steel,  non- 
magnetic articles,  and  electrical-resistance  devices. 

No  steel  suitable  in  a  commercial  sense  for  two  of  these  purposes  is 
made,  though  some  steels  might  be  used  for  more  than  one  purpose 
if  a  better  kind  for  the  other  specific  purpose  were  not  known;  thus  a 
fair  tool  steel  might  be  made  of  some  of  the  harder  structural  steels, 
and  a  fair  magnet  might  be  made  of  some  of  the  tool  steels. 

The  effects  of  the  alloying  elements  in  alloy  steels  are  various;  thus 
nickel  increases  the  elastic  limit  as  compared  to  tensihty;  chromium 
increases  the  hardness  of  quenched  steel;  and  manganese  destroys 
magnetic  susceptibiUty — effects  all  of  which  are  valuable  for  certain 
pxuposes. 

MANUFAOTUBE   OF  ALLOY  STEEL. 

Alloy  steels  are  made  by  any  of  the  steel-making  processes,  that  is, 
by  any  of  the  variations  of  the  pneumatic  processes,  by  the  acid  or 
basic  open  hearth,  by  the  electric  furnace,  and  by  the  crucible.  For 
each  of  the  various  purposes,  however,  the  practice  is  more  limited, 
the  general  rule  being  of  com^e  that  the  cheapest  process  b  employed 
that  will  yield  a  product  satisfactory  for  the  purpose  in  view. 

All  alloy-steel  ingots  or  castings  should  be  made  sound  and  with  full 
tendency  to  pipe.  Soundness,  which  means  freedom  from  gas  holes, 
is,  generally  speaking,  a  necessary  requirement  in  order  that  the 
product  may  be  sound,  as  almost  any  of  the  alloying  elements  inter- 
feres with  or  prevents  the  welding  of  steel  that  contains  that  element 
so  that  any  contained  gas  holes  in  ingots  will  not  be  welded  up  by 
hot  working.  Therefore  they  may,  if  near  the  siurf ace,  be  opened  to 
the  air  by  scaling  in  heating  or  by  forging  and  rolling  and  then  be 
oxidized  within  and  form  seams.  Chromium  and  nickel  more  than 
other  alloying  metals  prevent  welding  in  steel. 

Pipe  in  the  ingot  may  be  shortened  in  length  by  casting  the  ingot 
with  the  larger  end  up,  or  it  may  be  avoided  if  the  ingot  when  so  cast 
is  squeezed  laterally,  or  if  the  top  is  maintained  in  the  molten  state 
imtil  the  remainder  of  the  ingot  is  soUd.     If  neither  of  these  means 
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is  employed  enough  of  the  top  of  the  ingot  must  be  discarded  to  get 
rid  of  any  objectionable  pipe.  Whether  any  pipe  is  permissible 
depends  on  the  use  to  be  made  of  the  steel,  there  being  many  uses  for 
wUch  steel  containing  a  pipe  is  adapted,  or  a  hole  may  even  be  drilled 
where  the  pipe  woidd  naturally  be  as  is  often  done  to  favor  heat 
treatment  in  massive  articles. 

The  amounts  given  in  this  report  of  the  different  steels  produced  in 
the  United  States  have  for  the  most  part  been  determined  by  indirect 
means.  They  are  therefore  not  exact,  but  are,  it  is  believed,  near 
enough  to  the  truth  to  warrant  presenting  them. 

The  temperatures  are  given  in  both  centigrade  and  Fahrenheit 
degrees. 

Alloy  steels  and  other  alloys  of  iron  with  other  elements  have  been 
discussed  by  numerous  writers  chiefly  in  their  general  or  purely 
scientific  aspects. 

The  selected  bibliography,  at  the  end  of  each  chapter,  relating  to 
the  different  alloy  steels  is  intended  to  be  limited  to  articles  that  bear 
upon  the  useful  steels.  Many  of  the  articles  themselves  have  bibU- 
ographies  more  or  less  complete.  The  bibliography  is  arranged 
chronologibally. 

STBTTCTXTBAL  ALLOY  STEELS. 
GENERAL   CONSIDERATIONS. 

Structural  steels,  whose  fields  of  use  have  already  been  noted,  have 
some  attributes  in  common,  which  makes  it  worth  while  to  consider 
them  collectively  to  a  certain  extent.  These  steels  are  working  great 
improvements  in  the  production  of  structures  for  various  purposes, 
especially  where  the  saving  of  weight  or  increase  of  strength  or  both 
are  important,  the  most  conspicuous  example  being  undoubtedly  the 
automobile  industry.  Heat-treated  alloy  steels  with  double  or  treble 
the  strength  of  the  simple  steels  they  replace  and  with  as  great  or 
greater  reliabiUty  are  now  in  regular  and  most  advantageous  use.  In 
common  with  other  alloy  steels,  structural  alloy  steels  owe  a  part  of 
their  superior  properties  to  the  presence  of  the  alloying  element  but 
usually  far  more  to  heat  treatment  when  it  can  be  given  to  them. 
In  automobiles  the  use  of  alloy  steels  is  generally  not  advised  unless 
the  steels  are  heat  treated,  as  the  gain  from  their  use  in  the  natural 
or  untreated  state  does  not  compensate  for  the  increased  cost. 

Most  structural  alloy  steels  are  therefore  used  in  the  heat-treated 
condition,  when  the  articles  made  of  them  are,  like  autoinobile  parts, 
not  too  bulky  or  massive.  Large  pieces  like  nickel-steel  rails  and 
nickel-steel  members  of  bridges  are  used  without  heat  treatment, 
the  advantages  of  increased  strength  and  ductility  that  the  metal 
possesses  being  due  solely  to  the  presence  of  the  alloying  element. 
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The  difficulties  attending  the  heat  treatment  of  lai^e  steel  parts 
that  are  bulky  for  their  weight  are  holding  back  their  general  intro- 
duction. They  require,  as  nearly  as  is  practicable,  to  be  uniformly 
heated,  imiformly  cooled  in  quenching,  and  afterward,  when  cold,  to 
be  made  true  to  form,  as  the  quenching  operation,  however  carefully 
done,  usually  leaves  them  warped  or  twisted.  No  doubt,  in  time, 
means  will  be  foimd  to  overcome  these  drawbacks  and  such  pieces 
as  rails,  and  bridge  members,  of  alloy  steels  will  be  used  regularly  in 
the  heat-treated  condition.  A  compact  object  like  an  armor  plate, 
though  very  large,  may  be  quenched  without  unmanageable  warping 
because  of  its  simple  shape.  The  difficulty  in  making  straight  and 
true  such  an  article  as  a  heat-treated  rail  of  pearlitic  alloy  steels  lies 
largely  in  the  springiness  of  the  treated  metal.  It  is  not  easy  to  give 
it  the  correct  amount  of  set  needed  to  counteract  or  obliterate  a  crook, 
bend,  or  twist  that  may  result  from  quenching.  Yet  this  is  necessary 
when  the  piece  must  be  straight  or  true  to  shape.  Stretching  slightly 
beyond  the  elastic  limit  as  is  done  to  some  thin  steel  sheets  and  rela^ 
tively  small  bars  to  straighten  them  might  be  efficacious,  but  is  not 
to  be  easily  done  with  a  piece  of  such  irregular  cross  section  as  a  rail. 

The  effects  of  heat  treatment  are  so  great  that  a  certain  steel  may 
be  given  a  very  wide  range  of  properties,  depending  on  the  treatment, 
and  any  desired  set  of  properties  within  that  range  may  be  obtained 
solely  by  varying  the  heat  treatment.  The  principal  variant  is  the 
degree  of  the  second  heating.  The  lower  this  is,  the  stronger  and 
stiffer  the  steel,  and  the  higher,  the  weaker  and  more  ductile  it  is. 

This  effect  of  heat  treatment  on  steel  is  illustrated  by  a  table  pub- 
lished by  a  producer  giving  the  results  of  40  tensile  tests  made  from 
one  heat  of  steel,  each  test  piece  having  had  a  different  heat  treat- 
ment.    Five,  which  cover  the  range,  are  given  in  the  table  below. 

Results  of  tensile-strength  tests  of  5  pieces  of  steel  each  receiving  a  different  heat  treatment. 


Tensility. 

Elastic 

IfTTlit. 

Elastic 
ratio. 

Elongation 

in  2 

inches. 

Contrac- 
tion of 
area. 

Pounds. 
84,850 
120,975 
166,950 
206,600 
240,975 

Pounds. 

50,500 

90,000 

157,500 

200,000 

225,000 

Percent. 
60 
74.5 
94 
97 
93 

Percent. 
28 
14.5 
12.5 
13 

Percent. 
67.6 
61 
44 

48.7 
20.6 

Analysis  of  the  original  steel  showed  C,  0.25;  Mn,  0.50;  Cr,  1.07; 
and  V,  0.17  per  cent,  but  similar  results  could  be  obtained  with  a 
variety  of  compositions. 

For  making  small  parts  that  must  be  true  and  well  finished  the 
structural  alloy  steels  are  generally  heat  treated  before  they  are 
machined,  and  this  requirement  prevents  the  use  in  such  parts  of 
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steel  of  the  highest  strength  attamable  because  steel  having  that 
strength  is  not  commercially  machinable.  Generally  speaking,  any 
part  that  is  to  have  an  elastic  hmit  of  more  than  lOO^OOO  pounds  per 
square  inch  must  be  treated  after  having  been  machined,  not  before, 
because  most  steels  having  a  higher  elastic  limit  than  that  are  too 
hard  to  allow  machining  by  commercial  processes,  though  chromium- 
vanadium  steels  with  an  elastic  limit  of  150,000  poimds  per  square 
inch  are  claimed  to  be  machinable,  that  is,  they  may  be  cut  with 
high-speed  steels  at  a  profitable  rate.  An  elastic  limit  of  100,000 
pounds  or  more  per  square  inch  can  be  imparted  to  steel  only  by 
heat  treatment,  as  no  untreated  steel  of  a  commercial  grade  will  have 
so  high  a  limit. 

Some  of  the  makers  of  structural  alloy  steels  are  publishing  for 
each  of  their  steels  a  graph  showing  the  physical  properties  the  steel 
will  have  when  hardened  and  then  drawn  to  different  temperatures. 
Of  course,  the  graphs  give  ex  parte  information  which  is  subject  to 
confirmation  before  acceptance,  but  the  plan  is  excellent  as  giving 
the  most  information  in  the  least  space.  Similar  graphs  of  many  alloy 
steels  prepared  by  consumers  are  expected  to  be  soon  available  for 
comparison.  From  these  graphs  a  new  user  of  these  steels  may  choose 
the  properties  he  desires  and  specify  the  steel  he  wishes,  making  some 
allowance  of  coiu^e  (say  10  per  cent)  for  the  uncertainties  of  manu- 
facture and  treatment.  The  steel  maker  or  treater,  to  be  reasonably 
sure  of  meeting  the  requirements,  will  aim  to  exceed  the  properties 
specified,  and  the  net  result  will  usually  be  that  the  steel  will  have 
practically  the  properties  desired. 

The  tables  of  properties  given  later  show  how  much  more  the  prop- 
erties possessed  are  imparted  by  treatment  than  by  composition. 

The  size  or  massiveness  of  the  article  has  a  great  effect  on  the  results 
obtained  by  any  given  heat  treatment.  The  greater  the  mass  the 
lower  the  qualities,  though  not  in  exact  proportion.  Thus  the  mass 
must  always  be  considered  in  connection  with  the  properties  desired, 
and  the  composition  and  heat  treatment  prescribed  must  be  modified 
accordingly,  though  even  then  the  eflFect  of  mass  may  be  only  partly 
compensated  for. 

The  modulus  of  elasticity  of  many,  if  not  all,  structural  alloy  steels 
in  common  with  other  steels  is  not  changed  much  by  heat  treatment 
or  variations  in  composition  «  and  is  usually  between  28,000,000  and 
30,000,000  poimds  per  square  inch;  that  is,  the  modulus  of  the  steel 
in  its  annealed,  hardened,  and  tempered  condition  remains  practically 
unchanged.  The  following  table  was  compiled  from  data  given  by 
Landau.^ 

•  Landaa,  DaTld,  Influenoes  affecting  the  fundaineiital  deflection  of  leaf  spring:  Bull.  Soc.  Automobile 
Eng.,  Tol.  5,  March,  1914,  p.  430. 
b  Landau,  David,  op.  cit.,  pp.  431-434. 
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Moduli  of  elasticity  of  some  alloy  steels. 


Composition  of  steel. 

Modulus. 

C. 

8L 

Mn. 

P. 

8. 

Cr. 

NI. 

V. 

Peret. 
0.50 
.47 
.48 
.30 
.25 
.24 
.25 

Peret. 
0.13 
1.83 
.16 
.19 
.21 
.21 
.16 

Peret. 
0.82 
.70 
.44 
.64 
.74 
.46 
.50 

Peret. 
0.01 
.01 
.01 
.01 
.01 
.01 
.01 

Peret. 
0.02 
.01 
.01 
.01 
.01 
.02 

Peret. 
1.25 

Peret. 

Peret. 
0.14 

29,240,000 
28,950,000 
28,840,000 
28,260,000 
28,170,000 
28,200,000 
30,158,000 

.98 

"*.*96  " 
1.05 

2.02 
3.25 
3.55 
2.02 

'".'is"* 

Because  of  the  imchangeability  of  the  modulus  of  elasticity  the 
stiffness  or  rigidity  of  steel  within  the  elastic  limit  is  not  changed 
either  by  heat  treatment  or  the  presence  of  any  of  the  alloying  ele- 
mentSy  except  perhaps  manganese  in  manganese  steel  and  nickel  in 
high-nickel  steels. 

Heat  treatment  does  increase  the  elasticity,  however,  so  that  a 
piece  of  heat-treated  steel  may  return  to  its  original  form  after  hav- 
ing endured  a  stress  that  would  have  permanently  deformed  it  in  its 
xm treated  condition;  that  is,  it  is  given  some  of  the  springiness  of 
heat-treated  springs. 

Many  of  the  structural  steels,  particularly  those  used  in  automobile 
manufacture,  have  a  great  endurance  against  fatigue  when  subjected 
to  repeated  alternating  stresses.  The  heat  treatment  increases  their 
durabihty  in  this  test  even  more  noticeably  than  it  does  the  properties 
determined  by  the  tensile  test. 
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SIMPLE  TUNGSTEN  STEEL. 

Mushet's  air-hardening  steel,  the  first  of  the  alloy  steels,  may  be 
considered  as  a  simple  tungsten  steel  though  it  contamed  so  much 
manganese  (about  2  per  cent)  that  it  might  with  some  reason  be 
classed  as  a  quaternary  steel,  as  it  contained  also  about  2  per  cent 
of  carbon  and  6  per  cent  of  tungsten.  The  manganese  was  essential 
to  give  the  self-hardening  property.  The  steel  is  now  becoming 
obsolete,  having  had  a  useful  career  and  having  formed  an  indispens- 
able link  in  the  development  of  the  high-speed  tool  steels  discussed 
later. 

Tungsten  is  very  heavy,  its  specific  gravity  being,  according  to 
recent  determinations,  about  19.3,  and  it  is  the  most  infusible 
substance  known  except  carbon  and,  perhaps,  boron.  These  prop- 
erties have  some  effect  on  the  production  of  tungsten  steel. 

MANUTACTUBE  OF  TUNGSTEN  STEEL. 

Tungsten  steel  is  generally,  if  not  always,  made  by  the  crucible 
process.  The  pots  are  charged  cold  by  packing  in  the  materials, 
the  tungsten  being  placed  at  the  top  to  counteract  in  a  measure  its 
tendency  to  settle  because  of  its  high  specific  gravity.  If  this 
tendency  operated  unchecked  there  might  be  at  the  bottom  of  the 
pot  a  rather  infusible  mush  of  high-tungsten  alloy  which  would  not 
pour  out,  and  if  it  did  the  ingot  would  have  an  irregular  composition 
because  of  the  uneven  distribution  of  the  tungsten. 

The  steel  is  melted  and  then  "killed"  in  the  crucibles  by  holding 
them  in  the  furnace  for  30  or  40  minutes  after  the  charge  has  melted, 
until  the  steel  ceases  to  bubble  or  work  and  lies  dead  in  the  pot. 

The  pots  are  sometimes  cast  singly  or  doubly  by  hand  pouring 
or  collectively  by  means  of  a  ladle  into  which  all  the  pots  of  a  furnace 
charge  are  emptied.     Good  tungsten  steel  makes  remarkably  sound 


SIMPLE   TUNGSTEN   STEEL.  17 

solid  ingots,  except  for  the  pipe,  though  tungsten  itself  is  not  con- 
sidered to  aid  in  removing  or  controlling  either  the  oxides  or  the  gases. 
It  is  added  solely  for  its  effect  on  the  finished  and  treated  steel. 

This  lack  of  power  of  tungsten  to  deal  with  oxides  and  gases  arises 
no  doubt  from  its  low  calorific  power,  its  heat  of  combustion  being 
given  (with  qualification)  as  about  1,000  calories,  whereas  iron  burned 
^  ^^0^  gives  1,612  calories. 

METHOD  OF  WORKING. 

Simple  tungsten  steels  of  commercial  grades  are  heated,  forged, 
and  rolled  in  much  the  same  manner  as  other  high-carbon  steels, 
presenting  no  special  problems  or  difficulties. 

PBOPERTIES   AND   USES. 

Simple  tungsten  steel  is  at  present  chiefly  used  in  permanent 
magnets  for  electric  meters,  in  small  dynamos,  and  hand  use,  for 
which  it  has  been  used  for  30  or  40  years.  The  consimiption  in  1913 
is  thought  to  have  been  between  5,000  and  6,000  tons.  This  steel 
contains  about  0.6  per  cent  of  carbon  and  6  per  cent  of  tungsten. 
Some  has  been  made  in  recent  years  containing  0.2  to  0.3  per  cent  of 
vanadium,  chromium,  or  molybdenum  which  were  considered  at  the 
time  to  give  greater  retentivity  to  the  steel,  but  those  ingredients 
are  now  generally  held  to  be  of  no  practical  value,  adding  nothing  to 
the  fitness  of  the  steel  for  its  purpose. 

Some  buyers  of  magi^et  steel  do  not  specify  composition  but  only 
performance,  that  is,  what  magnetic  properties  the  steel  must  have. 

To  make  permanent  magnets  retain  their  magnetism  as  much  as 
possible  they  are  made  very  hard  by  heating  and  quenching.  They 
are  then  magnetized^  and  if  they  are  to  be  used  for  electric  meters 
they  are  seasoned  by  a  treatment  involving  protracted  heating  to 
100°  C.  (212°  F.)  to  make  their  magnetism  as  nearly  constant  as 
possible. 

A  variety  of  tungsten  steel  containing  about  1  per  cent  of  carbon 
and  3  to  4  per  cent  of  tungsten  is  made  and  used  as  a  tool  steel  for 
taking  finishing  cuts  on  iron  and  steel  in  the  machine  shop.  It  acts 
more  like  a  simple  steel  than  a  self-hardening  steel,  as  it  requires  to 
be  hardened  by  quenching  in  water  and  then  drawn  in  the  same 
general  way  that  simple  steels  have  been  drawn,  presimiably  for 
thousands  of  years.  It  will  cut  at  a  higher  speed  than  a  simple 
steel,  say  40  feet  per  minute  on  steel  having  a  tensile  strength  of 
80,000  pounds  per  square  inch,  and  is  also  more  durable. 

The  presence  of  tungsten  in  steel  is  generally  stated  to  lower  the 
fusion  point  of  the  steel.    Mars  ^  gives  a  table  of  fusion  points  of 

a  Uin,  O.,  Die  Specialstfihle;  ihre  Geschlchte,  Elgenschalten,  Bebandlung  tind  IlersteUoxig.   Stutt- 
gart, 1912. 
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tungsten  steels  with  contents  of  tungsten  ranging  from  0.5  to  17 
per  cent,  from  which  he  concludes  that  tungsten  lowers  the  fusion 
pomt.  However,  when  his  results  are  corrected  for  the  lowering 
effects  of  the  contained  carbon,  silicon,  and  manganese  doubt  arises  as 
to  the  correctness  of  his  conclusion.  Thus,  a  steel  containing  0.66  per 
cent  C,  0.03  per  cent  Si,  0.04  per  cent  Mn,  and  3. 11  per  cent  W  fused 
at  1,488°  C.  The  carbon  would  lower  the  fusion  point  about  60°  C, 
and  the  silicon  and  manganese  sUghtly,  so  that  the  plain  iron- 
tungsten  alloy  should  have  a  fusion  point  a  little  above  1,548°  C, 
which  is  about  20°  C.  above  that  of  pure  iron.  Seemingly  this  is 
the  effect  of  3.11  per  cent  tungsten. 

The  erosion  of  the  bore  of  cannon  by  the  powder  gases  is  held  to 
depend  largely  on  the  fusion  point  of  the  metal  of  the  tube  or  liner, 
the  higher  the  point  the  greater  being  the  resistance  to  erosion.  So 
it  has  been  found  that  the  nearer  the  metal  comes  to  being  pure  iron 
the  higher  its  fusion  temperature  and  the  better  it  resists  erosion, 
but  the  strength  required  compels  a  certain  amount  of  hardening 
and  strengthening  elements  to  be  present  in  the  steel.  Tungsten 
raises  the  strength  and  possibly  the  temperature  of  fusion  and  so 
has  been  employed  for  the  tubes  of  cannon,  particularly  by  the 
Government  of  Austria.  Arnold  and  Read  ^  found  that  steel  with 
0.71  per  cent  carbon  and  5.4  per  cent  tungsten  had  in  the  annealed 
state  a  tensihty  of  88,900  pounds  per  square  inch,  an  elastic  limit  of 
60,200  pouAds,  an  elongation  of  20  per  cent,  and  a  contraction  of 
area  of  34.7  per  cent,  values  that  compare  favorably  with  those 
of  the  steels  usually  employed  in  the  manufacture  of  cannon. 

They  give  data  regarding  a  series  of  annealed  tungsten  steels  as 
follows: 

Data  regarding  annealed  tungsten  steels. 


Composition. 

Tensfle  properties. 

C. 

W. 

Si. 

Mn. 

r. 
p.ct. 

(0 

s. 

Al. 

Ten- 
sility. 

Yield 
point. 

Elonpfc- 
tion  in  2 
inches. 

Contrac- 
tion of 
area. 

Condltiou  wheu 
turned. 

P.ct. 

a  73 

.71 
.70 
.73 

P.ct. 

2.4 

5.4 

9.7 

15.0 

21.1 

26.3 

P.  ct. 

0.11 
.11 
.04 
.03 
.06 

.06 

P.ct. 
(&) 

p.ct. 

(•) 

P.ct. 

Pounda. 
84,200 
8.8,900 

126,100 
98,500 

101,300 

110,600 

Pounds. 
48,100 
60,200 
90,000 

P.ct. 
20.5 
20.0 
14.0 
25.0 
20.5 

9.0 

P.ct. 
31.5 
34.7 
22.1 
43.3 
39.2 

1L4 

Moderately  tough. 
Tough./ 
Vervtoagh. 
Do. 

.72 
.67 

57,300 

Very  tough,  sli^tly 
hard. 
Do. 

a  Arnold,  J.  O.,  and  Read,  A.  A.,  The  chemical  and  mechanical  relations  of  iron,  tungsten,  and  carbon, 
and  of  iron,  nickel,  and  carbon:  Proc.  Inst.  Mech.  Eng.,  pt.  2,  March-May,  1914,  pp.  223-248. 
ft  0.16  or  less, 
c  0.02  or  less. 
c>  0.04  or  less. 
e  0.01  or  less. 
/  Tough  means  that  the  lathe  chips  curled  off  in  spirals. 
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The  strength  and  hardness  of  these  steels  may  be  greatly  increased 
by  heat  treatment  involving  quenching  and  with  only  relatively 
small  decrease  in  ductility. 

THEOEY  OF  TUNGSTEN   STEEL. 

Arnold  and  Read  concluded  that  the  carbon  in  the  steels  they 
examined  was  combined  with  iron  when  the  tungsten  was  low,  but 
that  the  higher  the  tungsten  the  more  of  the  carbon  was  combined 
mth  it  until  in  steel  containing  11.5  per  cent  of  tungsten  none  of  the 
carbon  was  combined  with  iron,  but  all  of  it  with  tungsten.  With 
still  higher  tungsten  content  the  excess  of  tungsten  was  combined 
with  iron. 
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SIMPLE  CHROMIUM  STEEL. 

Simple  chromium  steels,  though  one  of  the  earliest  if  not  the  first 
of  the  alloy  steels  to  be  made,  are  not  now  largely  used  though  they 
are  for  quite  a  variety  of  purposes.  In  combination  with  other 
alloying  elements,  however,  chromium  is  still  one  of  the  most  im- 
portant constituents  of  alloy  steels. 

The  production  of  simple  chromium  steel  ingots  is  thought  to  have 
been  about  6,000  tons  in  1913  with  a  content  of  chromium  of  0.4  to 
2  per  cent.  It  is  made  by  either  the  acid  open  hearth  or  crucible 
process.  If  made  in  crucibles  the  chromium  in  the  form  of  ferro- 
chromium  is  made  a  part  of  the  original  charge,  but  if  made  in  the 
open-hearth  furnace  the  ferrochromium  is  added  just  long  enough 
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before  casting  for  the  alloy  to  be  melted  and  well  mixed  with  the 
charge. 

The  consmnption  of  ferrochromimn  for  steel  making  in  this  coimtry 
in  1913  was  between  3,000  and  4,000  tons,  containing  60  to  70  per 
cent  of  chromium.  If  1  per  cent  be  assumed  as  the  average  content 
of  chromium  in  the  structural  steels,  and  4  per  cent  in  the  high- 
speed tool  steels,  a  total  of  about  204,000  tons  of  steel  of  all  kinds  in 
the  ladle  contained  chromium.  The  bulk  of  such  steel  was  quater- 
nary or  complex  steel,  about  6,000  tons  being  considered  as  simple 
chromium  steel,  as  already  stated. 

At  steel-melting  temperatures  chromium  has  a  greater  aflSnity  for 
oxygen  than  has  iron,  and  therefore  if  any  oxygen  either  free  or  in 
the  form  of  oxide  of  iron  comes  in  contact  with  melted  steel  that 
contains  chromium,  some  of  the  chromium  is  wasted.  It  is  not 
oxidized  as  rapidly  as  silicon  and  manganese,  however,  and  therefore 
has  little  deoxidizing  effect  when  added  to  an  oxidized  iron  bath,  the 
oxides  and  gases  being  controlled  by  other  means. 

The  effect  of  a  chromium  content  up  to  a  maximum  of  2i  per  cent 
in  steel  is  to  increase  the  hardness  moderately  when  the  steel  is  in 
the  natural  state,  as  defined  on  page  6,  and  particularly  when  it  is 
in  the  hardened  condition  after  having  been  quenched. 

METHODS   OF  WOKKINO. 

Chromium  steels  are  cast,  forged,  and  rolled  by  the  same  plant  and 
by  the  same  methods  as  simple  steels  of  the  same  or  slightly  higher 
carbon  contents.  ^  Castings  are  annealed,  or  heat  treated,  as  the 
conditions  warrant  or  require  to  give  the  most  suitable  properties  for 
the  proposed  use. 

Chromium  steels  are  perhaps  never  used  in  the  imtreated  condition, 
and  their  properties  in  that  state  are  therefore  not  given. 

Composition  and  properties  of  heat-treated  simple  chromium  steels. 


Constituents. 

Con- 

Elon- 

Heat  treatment 

Tem- 

1 
Tem- 

Sample 

Tensile 

Elastic 

trao- 

Uon 

of 

area. 

tion 

Ball 
hard- 

pera- 
ture at 

pera-  . 
tore  at 

No. 

strengtli. 

limit. 

in2 

which 

which 

C 

Mn 

81 

8 

P 

Cr 

inch- 

ness. 

steel 

haitl- 

es. 

was 

ness 

quench- 

was 

ed  in 

drawn 

water. 

in  air. 

P.  a. 

P.et. 

P.et. 

P.et. 

P.et. 

P.et. 

Pound*. 

Poundt. 

P.et. 

P.et. 

•c. 

•c. 

1 

0.70 

0.54 

0.09 

0.01 

0.01 

0.70 

129,000 

121,700 

60 

21 

235 

816 

503 

2 

.70 

.M 

.09 

.01 

.01 

.70 

110,900 

105,300 

63 

26 

195 

816 

649 

3 

.70 

.54 

.09 

.01 

.01 

.70 

88,000 

73,000 

68 

36 

168 

816 

754 

4 

.40 

.78 

.54 

.02 

.01 

.92 

143,600 

131,600 

56 

18 

242 

816 

538 

5 

.40 

.78 

.54 

.02 

.01 

.92 

103,200 

90,200 

60 

26 

201 

816 

714 

6 

.91 

.35 

.08 

.03 

.01 

.91 

96,800 

69,300 

63 

28 

176 
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USES   OF   SIMPLE   CHBOMIUM   STEELS. 

The  longest  established  use  of  chromium  steeb  now  current  is  in 
stamp  shoes  and  dies  for  pulyeiizing  certain  gold  and  silver  ores. 
These  shoes  and  dies  contain  0.8  to  0.9  per  cent  of  carbon,  with  0.1 
to  0.5  per  cent  of  chromium.  They  are  preferably  annealed  to  de- 
stroy ingotism  and  so  unpart  some  toughness  to  the  metal,  which 
increases  their  durability  in  an  important  degree. 

Another  long-estabUshed  use  of  chromium  steel  is  in  5-ply  plates 
for  the  manufacture  of  safes  for  the  safe-keeping  of  valuables.  These 
plates  are  made  of  five  alternate  layers,  two  of  chromium  steel  and 
three  of  soft  steel  or  wrought  iron,  and  after  having  been  hardened 
offer  great  resistance  to  the  drilling  tools  employed  by  burglars. 
The  plates  are,  however,  necessarily  rather  thin,  usually  between  one- 
half  and  1  inch  thick,  so  that  a  safe  wall  or  door  to  be  more  than  an  inch 
thick  must  be  formed  of  two  or  more  thicknesses,  which  are  fastened 
together  with  screws.  Many  portable  safes  so  made  have  been 
robbed  by  burglars  who  used  Uquid  nitroglycerine,  which  was  flowed 
into  the  joints  and  exploded,  blowing  out  the  door  or  wall.  Such 
safes  are  therefore  not  made  in  such  great  niunbers  as  formerly,  but 
considerable  quantities  of  chromium  steel  are  used  in  large  stationary 
safes,  usually  called  vaults,  where  the  individual  pieces  are  larger 
and  the  other  safeguards  against  burglary  so  effective  that  they  are 
not  attacked  by  burglars. 

Hardened  chromium-steel  rolls  having  0.9  per  cent  of  carbon  and 
2  per  cent  of  chromium  are  used  for  cold-roUing  metals.  They  are 
glass  hard  so  that  the  ball  hardness  can  not  be  determined,  the  ball 
making  no  impression.  The  hardness,  as  determined  by  the  sclere- 
scope,  is  107. 

Files  of  chromium  steel  are  excellent,  and  in  1913  about  3,000  tons 
of  this  steel  went  into  them,  the  carbon  content  being  1.3  to  1.5  per 
cent  and  the  chromium  content  about  0.5  per  cent. 

An  important  use  of  chromium  steel  is  in  balls  and  rollers  for  bear- 
ings. One  large  maker  uses  steel  containing  carbon,  1.10  per  cent; 
chroniiun,  1.40  per  cent;  manganese,  0.35  per  cent;  sulphur,  0.025 
per  cent;  and  phosphorus,  0.025  per  cent.  Sizes  smaller  than  one- 
half  inch  diameter  are  heat-treated  by  being  quenched  in  water 
from  774°  C.  (1,425°  F.)  and  then  drawn  to  190°  C.  (375°  F.)  for  half 
an  hour.  For  larger  balls  the  quenching  temperature  is  802°  C. 
(1,475°  F.).  The  second  heating  does  not  produce  an  oxide  color, 
but  is  enough  to  let  down  in  some  degree  the  internal  stresses  due 
to  the  irregular  cooling  of  quenching  so  that  the  balls  are  less  liable 
to  crack  spontaneously  or  to  be  broken  in  use. 

The  strength  of  a  good,  well-treated  ball  is  prodigious,  a  ball 
three-fourths  of  an  inch  diameter,  tested  by  the  three-ball  method, 
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sustaining  a  load  of  52,000  pounds.  On  the  small  area  of  contact  the 
intensity  of  the  pressure  amounts  to  over  one  million  pounds  per 
square  inch. 

The  Society  of  Automobile  Engineers  reconmiends  less  chromium 
than  that  given  above,  or  1  to  1.2  per  cent.  A  steel  maker  recom- 
mends 1.5  per  cent. 

A  former  important  use  of  these  steels  was  in  armor-piercing  pro- 
jectiles. Cubillo  "  gives  as  the  analysis  of  such  a  steel:  C.  0.85  per 
cent,  Mn.  0.38  per  cent,  Cr.  2.31  per  cent.  Si.  0.16  per  cent,  and  P.  0.02 
per  cent.     The  physical  properties  were  as  follows: 

Physical  properties  of  certain  armor-piercing  steels. 


Treatment. 


Annealed 

Heat-treated. 


Elastic 
limit. 

Tensil- 
ity. 

Paufida. 
47,700 
79,400 

Pound*. 
102,000 
114,500 

tionin2 
Indies. 


Pereeni. 

aas 

18.5 


The  greater  part  of  projectiles,  however,  contain  some  nickel  also, 
as  noted  in  the  discussion  of  nickel-chromium  steels. 

Chromium  steels  are  preferred  by  some  builders  in  certain  auto- 
mobile parts,  though  most  makers  of  cars  prefer  nickel  chromium. 
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MANGANESE  STEEL. 

Manganese  steel  in  the  commercial  meaning  of  the  name  is  a  variety 
of  iron  containing  11  to  14  per  cent  of  manganese  and  1.0  to  1.3  per 
cent  of  carbon.     The  original  patents  covered  alloys  of  iron  with  7 


a  Cubillo,  L.,  The  manofacture  of  armor-picrcIng  projectiles:  Jour.  Iron  and  Steel  Inst.,  vol.  88, 1913, 
p.  261. 
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to  30  per  cent  of  manganese  but  the  steels  within  the  limits  of  compo- 
sition given  have  the  greatest  strength  and  ductility  of  any  and 
are  always  meant  when  manganese  steel  is  ordered  without  further 
qualification.  Departure  from  these  limits  of  analysis  means  in  a 
general  way  that  the  steel  is  to  that  extent  unsuited  for  the  structural 
purposes  for  which  manganese  steel  has  been  found  applicable. 

The  bulk  of  the  manganese  steel  made  at  present  is  put  into  castings, 
of  which  about  36,000  tons  was  made  in  1913.  The  use  of  hot- 
worked  (rolled  or  forged)  manganese  steel  is  now  of  importance,  some 
3,000  tons  having  been  made  in  1913,  nearly  all  of  which  went  into 
rails.  These  quantities  call  for  about  60,000  tons  of  molten  steel  in 
the  ladle. 

Though  about  40  concerns  oflFer  manganese-steel  castings,  only 
about  half  a  dozen  make  any  considerable  quantity,  having  supplied 
practically  aU  of  that  made  in  1913. 

MANUFAGTUBE. 

Manganese  steel  is  still  made  in  the  ladle  according  to  Hadfield's 
expired  patents  by  the  mixture  of  decarburized  iron  and  80  per  cent 
ferromanganese.  The  decarburized  iron  is  prepared  either  by  the 
pneumatic  process,  being  blown  in  some  one  of  the  many  modified 
pneumatic  converters,  or  in  the  Siemens  furnace.  As  ferromanganese 
forms  such  a  large  proportion  of  the  charge,  about  one-seventh,  it 
must  be  melted  or  nearly  so  before  being  added  to  or  mixed  with  the 
decarburized  iron,  or  the  resulting  steel  would  be  too  cold.  The  ferro- 
manganese is  usually  melted  in  graphite  crucibles  or  pots  which  is  an 
expensive  way  but  not  yet  generally  superseded.  The  pots  ,are 
heated  in  ordinary  coal-fired  melting  holes.  They  usually  may  be 
used  to  melt  eight  or  ten  charges,  whereas  in  steel  melting  they  aver- 
age less.  This  longer  Ufe  when  melting  ferromanganese  comes  from 
both  the  lower  melting  temperature  needed  and  the  absence  of  solu- 
tion of  the  graphite  of  the  pot  by  the  metal,  common  ferromanganese 
being  saturated  with  carbon,  whereas  molten  steel  eagerly  dissolves 
any  carbon  with  which  it  comes  in  contact.  The  ferromanganese 
need  not  be  completely  melted,  which  of  course  would  not  be  permissi- 
ble with  the  steel. 

The  decarburized  iron  used  should  have  a  low  carbon  content,  not 
over  0.10  per  cent,  so  that  the  resulting  steel  may  not  have  more  than 
is  desired.  The  proportion  of  carbon  to  manganese  in  the  steel  will, 
therefore,  be  a  little  more  than  in  the  ferromanganese. 

After  the  manganese  steel  has  been  made  in  the  ladle  it  should  be 
cast  as  soon  as  practicable  if  it  is  to  be  used  for  castings,  but  if  it  is 
to  be  used  for  ingots  a  little  time  should  be  allowed  for  the  silicate 
formed  within  the  metal  to  collect  and  float  to  the  top. 
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The  quantity  of  manganese  is  proportioned  to  the  size  of  the  charge 
of  decarburized  iron  with  allowance  for  loss  through  oxidation  of  an 
amount  equal  to  about  1^  per  cent  of  the  steel.  Thus  14  per  cent 
is  added  to  yield  12.5  per  cent  in  the  steel.  Everything  is  weighed — 
the  stock  before  meltings  the  iron  added  to  the  vessel  if  decarburized 
by  the  pneumatic  process,  the  molten  ferromanganese,  which  is  put 
in  the  ladle  first,  and  the  decarburized  iron  are  all  weighed^  the  weight 
of  the  decarburized  iron  giving  the  weight  of  the  molten  steel  in  the 
ladle.  When  the  decarburized  iron  is  prepared  in  a  tilting  Siemens 
furnace,  a  part  may  be  taken  out  at  a  time  and  made  into  steel,  the 
amount  of  iron  being  weighed  by  a  suspended  weighing  machine  on 
the  crane. 

Earnest  efforts  have  been  made  to  melt  ferromanganese  in  a  cupola 
because  of  the  high  cost  of  melting  in  pots,  and  some  has  been  so 
melted  in  a  commercial  way.  When  the  ferromanganese  is  melted  in 
a  cupola  there  is  more  loss  of  manganese,  which  offsets,  in  part  at 
least,  the  lower  cost  of  melting.  The  loss  is  diminished  to  a  large 
extent  by  charging  the  ferromanganese  in  the  center  of  the  cupola 
with  coke  around  the  outside  so  that  the  metal  is  largely  protected 
from  free  oxygen  of  the  blast  which  would  oxidize  manganese  if  it 
came  in  contact  with  it.  It  is  a  matter  for  calculation  which  is  to 
be  chosen  for  any  given  conditions  as  being  the  cheaper  or,  all  things 
considered,  the  most  advantageous. 

Another  effect  of  the  waste  of  manganese  from  the  ferromanganese 
used  in  making  manganese  steel  is  that  the  carbon  content  is  higher 
and  perhaps  undesirably  so  in  the  finished  steel  because  of  its  con- 
centration due  to  the  waste  of  manganese.  Carbon  is  not  oxidized 
under  usual  conditions  in  fused  ferromanganese  because  of  the  pres- 
ence of  the  large  excess  of  manganese  which  seizes  any  oxygen  that 
reaches  the  alloy. 

Manganese  steel  is  usually  made  and  handled  in  clay-lined  ladles. 
Basic-lined  ladles  present  some  advantages,  but  clay  is  used  because 
it  is  so  much  cheaper  and  more  easily  made  into  a  lining.  Such  a 
lining  is  of  course  to  be  classed  as  acid,  and  sometimes  strongly  so, 
when  quartz  in  the  form  of  sand  or  ganister  is  mixed  with  the  clay. 
Molten  manganese  steel  in  an  acid-Uned  ladle  continually  makes  a 
fusible  and  Uquid  slag,  which  is  chiefly  a  silicate  of  manganese,  green 
in  color.  It  is  formed  of  oxide  of  manganese,  which  is  continually 
being  oxidized  by  atmospheric  oxygen,  and  the  ladle  lining.  A 
little  green  siUcate  rises  and  joins  the  slag  from  within  the  metal, 
being  formed  from  the  siUca  contained  in  the  decarburized  iron  and 
the  oxide  of  manganese  formed  by  substitution  of  manganese  for 
iron  in  the  oxide  of  iron  in  the  metal.  The  thin  fluid  slag  is  trouble- 
some, as  it  is  not  easily  kept  from  entering  the  molds  with  the  steel, 
where  it  is  likely  to  cause  a  defect  in  the  ingot  or  casting. 
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To  avoid  the  trouble  from  the  very  liquid  slag  a  "coffeepot" 
ladle  is  sometimes  used,  which  is  provided  with  a  spout  like  that  of  a 
coffeepot,  attached  at  one  side  and  connecting  with  the  ladle  interior 
at  the  bottom.  This  arrangement  acts  effectively  to  skim  the  slag, 
which  can  not  enter  the  spout  until  nearly  all  the  steel  has  been  poured 
out  of  the  ladle. 

The  corrosion  of  the  ladle  lining  is  deepest  at  the  slag  line  when  the 
ladle  is  full,  as  the  slag  has  more  time  to  act  on  the  lining  at  that  level 
than  at  any  other. 

Because  of  its  large  content  of  carbon,  siUcon,  and  manganese,  the 
latter  fusing  at  1,260^  C,  manganese  steel  melts  at  about  1,325^  C, 
a  temperature  lower  than  that  of  simple  steel,  and  one  that  favors  the 
running  of  intricate  castings.  For  the  same  reason  manganese  steel, 
containing  so  much  gas  solvent,  is  usually  free  from  gas  holes;  but  if 
the  decarburized  iron  of  which  it  is  made  is  too  hot,  and  therefore  too 
heavily  charged  with  gases,  the  solvent  powers  of  the  silicon  and 
manganese  may  be  exceeded,  and  the  steel  be  saturated  with  gases, 
the  ingots  or  castings  being  consequently  infested  with  blowholes  by 
the  gases  liberated  in  cooling. 

coMPOsrrioN. 

In  making  manganese  steel  one  composition  is  practically  standard. 
The  usual  analyses  of  manganese  steel  lie  between  the  following 
limits:  Carbon,  1.0  to  1.3  per  cent;  silicon,  0.3  to  0.8  per  cent;  manga- 
nese, 11.0  to  14.0  per  cent;  phosphorus,  0.05  to  0.08  per  cent.  The 
sulphur  content  is  so  low  as  to  be  negligible  in  manganese  steel  as  in 
other  iron-manganese  alloys,  from  which  any  sulphur  that  may  get 
in  is  quickly  eliminated  by  the  manganese,  probably  as  sulphide, 
which  rises  to  the  surface  or  enters  the  slag.  In  the  open  the  sulphur 
is  burned  by  the  oxygen  of  the  air,  forming  sulphurous  acid  (SO,), 
which  may  often  be  smeUed  coming  from  the  molten  steel. 

Low-manganese  steels  with  7  to  8  per  cent  of  manganese  are  finding 
some  use,  having  a  higher  and  better  defined  elastic  Umit  than  the 
r^ular  grade  and  yet  with  considerable  though  much  less  ductility. 
They  are  also  cheaper  to  make.  They  do  not  flow  imder  impact  as 
freely  as  the  regular  commercial  grades,  because,  no  doubt,  of  their 
martensitic  structure. 

Manganese-iron  aUoys  containing  3  to  10  per  cent  of  manganese 
and  1  per  cent  of  carbon  are  martensitic.  With  the  manganese  over 
10  per  cent  the  structure  is  austenitic.  The  steels  having  7  to  10 
per  cent  of  manganese  are  so  different  from  commercial  manganese 
steel  that  another  name  should  be  given  them  to  avoid  confusion. 
The  name  "loman  steel,''  an  abbreviation  of  "low-manganese  steel," 
has  been  applied  to  them  and  seems  to  be  suitable  as  a  short  dis- 
tinctive name. 
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GENERAL   PBOPEBTIES. 

Manganese  steel  is  a  hard  self-hardening  steel,  owing  this  property 
to  its  composition  and  not  to  treatment.  It  can  not  be  softened  by 
heating  followed  by  slow  cooling.  It  is,  for  a  metal,  a  poor  conductor 
of  electricity. 

Manganese  steel  has  a  high  coefficient  of  expansion,  small  patterns 
being  made  with  a  shrinkage  of  five-sixteenths  of  an  inch  to  1  foot, 
which  sometimes  is  not  quite  enough.  A  shrinkage  of  five-sixteenths 
of  an  inch  to  1  foot  gives  a  mean  coefficient  of  expansion  of  about 
0.000024  per  degree  centigrade. 

In  respect  to  specific  gravity  manganese  steel  is  not  to  be  distin- 
guished from  simple  steels  of  the  same  carbon  content,  as  all  have, 
generally  speaking,  about  the  same. 

Perhaps  the  most  remarkable  property  of  manganese  steel  is  its 
almost  total  lack  of  magnetic  permeability  and  susceptibihty.  This 
metal,  containing  85  per  cent  of  iron  in  a  metallic  form,  is  so  slightly 
attracted  by  a  magnet  that  the  pull  can  not  be  felt  with  the  hand, 
whereas  magnetic  oxide  of  iron,  containing  about  70  per  cent  of  iron 
in  a  nonmetaUic  form,  is  strongly  attracted.  A  magnetometer  or  even 
a  pocket  compass  needle  will  usually  detect  magnetism  in  commercial 
manganese  steel,  especially  if  a  test  be  made  soon  after  the  steel  has 
been  in  contact  with  a  magnet,  but  the  amount  that  may  bo  so  de- 
tected is  extremely  small.     For  most  practical  purposes  it  is  zero. 

PROPERTIES   OF  MANGANESE  STEEL  IN  THE   RAW  STATS. 

The  properties  of  manganese  steel  in  the  raw  state  are  much  like 
those  of  other  raw  high-carbon  steels,  the  metal  being  very  hard,  but 
its  ductiUty  being  practically  negligible.  The  steel,  because  non- 
magnetic, may  be  used  for  purposes  requiring  a  hard  nonmagnetic 
metal,  if  it  is  not  Uable  to  shock.  With  better  tool  steels,  which  may 
make  machining  manganese  steel  a  commercial  operation,  the  metal 
may  find  a  field  of  use  in  electrical  apparatus,  replacing  some  brass 
or  other  nonferrous  metals  because  of  its  lack  of  magnetic  qualities 
and  lower  cost. 

HEAT  TREATMENT  OF  MANGANESE  STEEL. 

Although  the  composition  of  manganese  steel  is  extremely  impor- 
tant in  determining  its  properties,  the  heat  treatment  to  which  it  is 
subjected  to  develop  in  it  its  great  toughness  or  ductiUty  is  even  more 
so. 

As  used,  it  is  almost  universally  water-toughened  according  to  the 
method  Hadfield  set  forth  in  his  early  papers  «  on  the  subject.     This 

a  Hadfleld,  R.  A.,  On  manganese  steel:  Jour.  Iron  and  Steel  Inst.,  1888,  pt.  2,  pp.  41-82;  Manganese  in 
its  application  to  metellurgy :  Proc.  Inst.  Civ.  Eng.,  vol.  93,  pt.  3, 1887-88,  pp.  1-16;  Some  newly  discov< 
ered  properties  of  iron  and  manganese,  loc.  cit.,  pp.  61-120, 
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treatment  consists  in  heating  the  whole  article  to  about  1050^  C.  and 
then  cooling  it  as  quickly  as  possible  by  immersing  it  in  cold  water,  the 
colder  the  water  and  the  more  of  it,  the  better.  It  will  not  do  to  heat 
only  a  part  of  the  piece  for  quenching,  and  if  a  part  of  a  toughened 
article  becomes  heated  to  redness  or  near  it  by  accident  or  design  the 
whole  piece  should  be  reheated  and  again  quenched  to  give  it  proper 
qualities  for  use. 

No  time  should  be  lost  in  completing  the  heating  and  quenching 
after  the  piece  has  become  red-hot  to  avoid  oxidation  as  completely  as 
possible.  Manganese  steel  is  a  poor  conductor  of  heat,  a  factor  that 
interferes  with  its  heat  treatment  and  tends  to  limit  the  thickness  of 
the  steel  that  may  be  profitably  treated.  This  limit  of  thickness  is 
generally  taken  as  4  inches,  though  somewhat  thicker  pieces  in  which 
the  presence  of  internal  cracks  in  the  central  parts  would  not  be  ruin- 
ous are  treated  in  particular  instances. 

A  thick  piece  of  manganese  steel  must  be  heated  at  a  slow  rate. 
The  heating  can  not  be  properly  done  by  placing  the  piece  when  cold 
in  a  hot  furnace.  The  furnace  if  hot  from  previous  use  must  be 
cooled  down  nearly  to  atmospheric  temperature  or  to  that  of  the 
piece  to  be  toughened,  if  it  is  not  cold,  before  it  is  placed  in  the  heat- 
ing chamber.  If  the  fiunace  is  much  hotter  than  the  piece  the  poor 
heat  conductivity  of  the  metal  retards  the  passage  of  heat  to  the  inte- 
rior, and  the  temperature  of  the  skin  rises  rapidly,  because  of  which 
and  because  of  the  high  coefficient  of  expansion  of  the  metal  the  exte- 
rior is  expanded  so  much  sooner  than  the  interior  that  the  latter  is 
likely  to  be  torn  apart,  the  cracks  extending  outward  from  the  center 
toward  the  surface  until  the  stresses  are  sufficiently  reUeved  or  they 
reach  metal  too  much  softened  by  the  heat  to  crack. 

Many  have  asked  when  first  considering  the  question,  '  *  Why  not 
quench  the  casting  when  still  hot  with  the  initial  casting  heat?" 
The  answer  is  that  the  heat  of  the  various  parts  of  the  piece  is  not 
sufficiently  uniform,  the  thicker  parts  being  hotter  than  the  thinner. 
If  the  piece  is  what  might  be  called  of  uniform  thickness,  any  comers 
or  edges  or  parts  first  laid  bare  after  casting  are  cooler  than  the  rest 
of  the  piece,  and  even  if  the  piece  be  a  sphere,  which  is  almost  the 
only  shape  that  will  show  a  surface  of  uniform  temperature  after  cast- 
ing, the  interior  wiH  be  so  much  hotter  than  the  exterior,  and  wiU, 
therefore,  when  the  sphere  is  inmiersed  in  a  cooling  bath,  continue 
contracting  so  long  after  the  surface  is  cold  and  contraction  there 
has  ceased  that  it  will  tear  itself  apart.    The  toughness  of  the  metal 
will  not  prevent  internal  rupture  under  such  conditions  as  there  can 
be  no  contraction  of  area,  as  in  the  pulling  test,  to  compensate  for 
and  so  pennit  stretching  of  the  metal,  which  must  therefore  separate 
at  its  weaker  spots  and  be  subject  to  cracks. 
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PROPERTIES  OP  HEAT-TREATED  MANGANESE   STEEL. 

Hadfield's  papers  of  1888**  gave  the  results  of  a  lai^e  number  of 
physical  tests  of  manganese  steels.  These  results  indicate  that  the 
toughening  effect  of  water  quenching  was  imparted  only  when  the 
steel  contained  at  least  9  per  cent  of  manganese.  Since  that  date 
steels  having  as  httle  as  7  per  cent  of  manganese  have  been  given  a 
useful  toughening  effect  though  only  a  fraction  of  that  of  commercial 
manganese  steel. 

The  hardness  of  toughened  manganese  steel  is  imique,  and  it  may 
be  termed  a  tough  hardness  and  not  a  flinty  hardness.  Such  steel 
may  easily  be  dented  with  a  hammer  or  marked  with  a  file  or  chisel, 
but  cutting  it  to  a  useful  extent  is  almost  impracticable,  so  that  such 
finishing  as  is  necessary  is  usually  done  by  grinding  with  abrasive 
wheels. 

The  water  toughening  of  manganese  steel  gives  it  great  ductility — 
greater  as  to  elongation,  perhaps,  than  that  of  any  other  steel  and 
exceeding  sometimes  50  per  cent  in  8  inches,  although  its  high  degree 
of  hardness  is  not  greatly  altered.  This  high  ductility  in  combina- 
tion with  the  great  hardness  of  manganese  steel  gives  it  great  resist- 
ance to  abrasive  wear  as  well  as  safety  from  breakage.  Practically 
all  manganese  steel  is  used  in  the  toughened  state. 

In  the  pulling  test  the  percentage  of  contraction  of  area  is  less 
than  the  elongation,  a  rcisult  directly  opposite  to  that  with  simple 
as  well  as  most  alloy  steels,  in  which  the  percentage  of  contraction 
is  usually  twice  or  more  that  of  the  elongation.  The  pulled  test 
piece  has  a  rather  uniform  stretch  throughout  its  length,  whereas 
simple  steels,  as  is  well  known,  have  a  largely  increased  amount  of 
stretch  near  the  point  of  fracture.  When  a  piece  of  manganese  steel 
is  pulled,  the  increase  of  strength  due  to  cold  working  (stretching) 
is  greater  than  the  decrease  in  cross  section  due  to  contraction,  so 
that  a  stretched  part  becomes  stronger  than  the  unstretched  parts, 
and  elongation  then  occurs  at  another  place.  As  the  pulling  is  con- 
tinued, all  parts  of  the  pulled  section  stretch  one  after  the  other, 
with  the  result  that  when  the  piece  is  finally  ruptured  the  stretch  has 
been  comparatively  uniform.  There  is  indeed  an  increased  local  ex- 
tension and  contraction  close  to  the  point  of  rupture,  as  with  other 
ductile  steels,  but  it  is  less  marked  in  the  manganese  steels. 

The  elastic  limit  of  manganese  steel  is  unexpectedly  low  and  not 
well  defined,  as  the  steel  yields  at  a  gradually  increasing  rate  when 
pulled,  as  in  testing,  giving  no  point  that,  strictly  speaking,  can  be 
said  to  be  the  elastic  Umit  or  even  yield  point.  The  strain  diagram 
has  no  jog. 

aHadfleld^  R.  A.,  loc.  cit. 
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A  recent  pulling  test  of  forged,  heat-treated,  manganese  steel  gave 
the  results  following.  The  steel  was  cast  in  a  test  bar  3  inches 
square,  foiled  down  to  a  test  piece  of  about  the  dimensions  given^ 
and  finished  by  grinding. 

Results  of  pulling  test  of  piece  of  manganese  steel. 

Diameter  of  piece,  inches 0. 823 

I-ength,  inches 2 

Tensile  strength  per  square  inch,  pounds 152, 840 

Elastic  limit  per  square  inch,  pounds 56, 400 

Elongation,  per  cent 51 

Contraction,  per  cent 39. 5 

Carbon,  per  cent 1. 10 

Manganese,  per  cent 12. 4 

Silicon,  per  cent 0. 15 

Phosphorus,  per  cent 0. 06 

The  length  of  the  pulled  section  of  a  manganese-steel  test  piece 
does  not  affect  the  elongation  as  much  as  is  the  case  with  simple 
steels  because  the  stretch  is  so  much  more  nearly  uniform,  as  de- 
scribed above. 

Owing  to  its  lack  of  elastic  limit  and  to  its  high  ductility,  man- 
ganese steel  is  prone  to  flow  under  stress,  and  it  does  not  have  high 
resistance  to  compression  or  to  continually  repeated  blows  of  a  hard 
mineral  or  other  material  that  will  gradually  batter  it  out  of  shape. 
The  results  of  tests  of  this  property  made  with  the  Government 
testing  machine  at  the  Watertown  Arsenal  were  as  follows: 

Results  of  compression  tests  of  cast  manganese  steel. 


No.  of  test  piece. 


1 

2 
3 

4 


Analysis. 

Permanent  set  at  a  pressure  per  square 
inch  of— 

c. 

Si 

ICn. 

Or. 

40,000 
pounds. 

50,000 
pounds. 

60,000 
pounds. 

70,000 
pounds. 

Perd. 
1.23 
1.26 
1.31 
1.22 

Perd. 

0.96 

.54 

.43 

.72 

Perd. 
12.6 
12.8 
12.7 
11.7 

Perd. 
"'6.' 86* 

Inches. 

0.0006 

.0020 

.0010 

.0002 

Inchee. 

0.0086 

.0046 

.0036 

.0009 

Inehee. 

0.0213 

.0182 

.0204 

.0038 

Inches. 

0.0981 

.0899 

.0998 

.0220 

Total 
load. 


Pounds. 
190,100 
180,100 
172,300 
175,200 


All  test  pieces  were  cast  and  finished  by  grinding  to  4  inches  long 
and  1.129  inches  in  diameter,  giving  1  square  inch  of  cross-sectional 
area.  At  the  total  load  the  pieces  buckled.  The  permanent  set  at 
a  pressmre  of  40,000  pounds  per  square  inch  shows  that  the  limit  of 
elasticity  was  passed  in  every  case. 

The  hardness  by  BrineH's  ball  test  of  manganese  steel  is  low, 
running  usually  about  190. 

The  merit  niunber  obtained  by  multiplying  the  figure  represent- 
ing the  tensile  strength  of  a  material  by  the  figure  representing  its 
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elongation  gives  roughly  a  fair  idea  of  the  amount  of  work  that  must 
be  expended  upon  the  material  to  break  it — that  is,  its  strength  must 
be  overcome  through  a  distance  represented  by  its  ductility  before 
it  will  be  broken.  The  merit  number  of  manganese  steel  is  perhaps 
the  greatest  of  all  kno¥m  steels.  The  merit  numbers  of  various 
metals  are  given  below. 

Merit  numbers  of  various  metaU. 


MetfU. 


Manganese  sted 

Soft  steel 

Tool  steel 

Cast  iron 

Nickel  steel,  natural 

Nickel  steel,  heat-treated 


Tensfle 

Elonga- 

strength. 

tion. 

Pounds. 

Percent. 

140,000 

50 

60,000 

30 

130,000 

5 

20,000 

.5 

05.000 

21 

207,000 

1 

14 

Merit 
number. 


7,000,000 
1,800,000 
650,000 
10,000 
1.995,000 
2,898,000 


Of  course,  each  of  these  metals  yields  to  stress  within  its  elastic 
limit,  so  that  some  work  must  be  expended  on  it  to  strain  it  up  to 
that  point.  With  a  nonductile  metal,  such  as  cast  iron  or  even  raw 
manganese  steel,  this  is  the  reason  for  such  small  resistance  to  shock 
as  it  has.  The  elongation  of  0.5  per  cent  given  in  the  table  is  high 
for  cast  iron,  but  its  power  to  absorb  energy  without  breaking  is 
increased  by  its  ability  to  be  strained  within  the  elastic  limit.  If  a 
material  were  to  have  no  ductihty  and  were  perfectly  rigid,  the 
slightest  blow  would  break  it.  Glass,  having  no  ductility  and  being 
nearly  rigid,  comes  near  to  being  such  a  material.  Of  course,  it  may 
be  easily  broken  by  a  blow,  though  it  offers  considerable  resistance 
to  a  static  load — enough  to  be  useful,  as  in  a  floor  plate,  for  example. 

The  effect  of  the  toughening  operation  on  the  merit  number  of 
manganese  steel  is  shown  by  the  following  results,  taken  from  Had- 
field's  first  paper.* 

Results  of  tests  of  toughening  operation  on  merit  number  of  manganese  steel. 


Sample 
No. 


Condition. 


i As  forged.. 
Toughened. 
As  forged . . 
Toughened. 


Tensile 
strength. 

Elonga- 
tion. 

Pounds. 

88,120 
145,240 

81,600 
150,370 

PerceM. 

8.5 
50.0 

L56 
44.44 

Merit 
number. 


9QS,420 
•7,362,000 

127,296 
bO,6S2,440 


a  The  toughened  steel  was  24  times  as  hard  to  break  as  the  untoughened. 
bThe  toughened  steel  was  50  times  as  hard  to  break  as  the  untoughened. 


MANGANESE-STEEL  CASTINGS. 


Manganese-steel  castings  are  made  in  dry  sand,  in  green  sand,  and 
in  some  instances  in  iron  molds,  the  considerations  leading  to  the 
adoption  of  any  particular  material  being  much  the  same  as  with 


a  Hadfleld,  R.  A.,  Manganese  in  iron  and  steel;    Proc.  Inst.  Civ.  Eng.,  vol.  03,  pt.  3, 18S7-88,  pp.  1-16. 
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ordinaiy  simple  steel  castings,  such  as  danger  of  pulling  apart  or 
cracking  in  cooling,  misrunning,  or  failure  to  fill  the  mold  properly, 
&nd  breaking  or  washing  of  the  mold,  and  numerous  others.  The 
high  coefficient  of  expansion  of  manganese  steel  must  be  considered, 
as  it  increases  the  hability  of  a  casting  to  be  cracked  or  pulled  apart 
by  shrinkage  in  cooling. 

Manganese  steel  is  prone  to  settle  as  it  solidifies,  demanding,  for  a 
given  massiveness  of  design,  larger  sink  heads  than  simple  steels  to 
feed  the  casting  properly  and  prevent  settle  holes. 

Even  more  than  with  other  steel  castings  it  is  important  that 
manganese-steel  castings  be  so  designed  that  the  mass  is  fairly  uni- 
form throughout,  or  in  particular  that  no  part  is  much  thicker  than 
the  rest.  If  a  thick  part  is  imavoidable,  it  should  be  connected  with 
a  sink  head  by  metal  as  thick  or  nearly  so.  Thus,  bosses  and  heavy 
fillets,  often  advisable  in  iron  and  simple  steel  castings,  should  be 
avoided  because  of  the  local  increase  of  the  mass  they  cause.  The 
trouble  is  that  a  heavy  part  incompletely  fed  will  be  unsound  in  its 
central  parts.  A  hole  or  recess  cored  in,  if  permissible,  may  prevent 
the  central  cavity,  or  an  iron  or  soft  steel  core  may  be  imbedded  in 
the  thick  part,  which,  by  hastening  the  solidification  of  the  metal, 
may  prevent  the  formation  of  holes  or  loose  metal  there. 

USES  OP  MANGANESE   STEEL. 

The  specific  uses  for  which  manganese  steel  is  employed  may  be 
learned  from  the  catalogues  of  the  producers.  It  is  used  in  equip- 
ment employed  in  the  mining,  milling,  and  treatment  of  ores  and 
other  mineral  products,  quarrying  and  rock-dressing,  digging  and 
dredging,  railway  tracks,  parts  of  machines  exposed  to  gritty  wear, 
and  burglar-proof  safes  and  vaults  for  the  safe-keeping  of  money  and 
valuables. 

Because  of  its  low-yield  point  manganese  steel  does  not  give 
satisfaction  in  many  lines  for  which  otherwise  it  seems  to  be  emi- 
nently fitted. 

When  the  service  required  is  such  that  the  resistance  of  the  metal 
to  flow  is  not  exceeded,  the  results  are  often  excellent.  When  for 
any  reason  the  pressure  at  the  point  of  wear  passes  the  flowing  point 
the  results  are  disappointing,  though  even  then  they  may  be  better 
than  those  obtained  by  the  use  of  any  other  material. 

In  applying  mangJese  steel  to  a  new  use  determination  of  its 
fitness  is  nearly  always  a  matter  to  be  demonstrated,  though  this  is 
less  general  than  formerly  as  knowledge  and  experience  have  in- 
creased. Some  of  the  fields  that  it  was  thought  at  first  would  be 
well  occupied  by  manganese  steel  it  has  never  won;  others  that  were 
formerly  unthought  of  it  has  found  easy  of  conquest.  Much  uncer- 
tainty has  come  in  applying  it  to  new  uses  by  the  requirement  that 
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manganese  steel  as  a  metal  be  substituted  for  some  other  metal 
of  a  certain  size  and  shape.  The  results  are  often  not  fully  fore- 
seen and  liable  to  be  unsatisfactory  as  such  a  substitution  is  itself 
unscientific.  The  proper  way  to  apply  a  new  metal  of  unique  proper- 
ties to  a  new  use  is  to  study  the  service  to  be  rendered  and  then  to 
devise  methods  of  doing  the  work  and  to  design  parts  therefor  such 
as  will  utilize  to  the  best  advantage  the  superior  properties  of  the 
new  metal.  Sometimes  however  this  is  not  easily  done.  Neverthe- 
less manganese  steel,  because  of  its  properties,  presents  difficulties 
that  are  usually  best  overcome  by  such  a  plan  if  the  highest  benefit 
attainable  from  its  use  is  to  be  gained. 

It  is  a  well-established  rule  that  manganese  steel  resists  admirably 
abrasion  under  slow  speeds  of  impact  as  in  Blake  crushers,  rolls, 
gyratory  crushers,  and  similar  machines  but  results  in  high-speed 
grinders,  such  as  the  various  centrifugal  mills,  are,  if  not  poor,  at 
least  such  as  will  not  often  warrant  the  expense  of  manganese-st^el 
wearing  parts,  especially  if  such  parts  require  some  finishing,  which 
must  be  done  by  slow  Ld  expensive  grindmg.  In  accorda^;e  with 
the  same  rules  manganese  steel  makes  good  car  wheels  that  are  to 
run  at  slow  speeds  such  as  on  mine  cars,  but  it  is  imsatisfactory  in 
wheels  used  on  railway  cars  that  are  run  at  high  speeds. 

For  railway-track  work  manganese-steel  cast  frogs,  switches, 
curved  rails,  and  other  special  work  are  most  excellent  and  they  are 
extensively  used. 

The  properties  of  the  metal  were  early  seen  to  make  it  an  ideal 
material  of  which  to  make  burglar-proof  safes  and  vaults;  that  is, 
it  is  too  hard  to  be  cut,  and  too  strong  to  be  broken  even  by  consider- 
able charges  of  dynamite  and  nitroglycerin.  It  has  now  been 
employed  for  this  purpose  some  15  years  and  no  genuine  manganese- 
steel  safe  has  yet  been  opened  by  burglars  though  a  few  have  been 
attacked.  Burglars  have  learned  the  futility  of  their  efforts  to  rob 
such  a  safe. 

The  nonmagnetic  property  of  manganese  steel  has  foimd  an 
important  use  in  the  cover  plates  of  lifting  magnets  for  handling 
heavy  iron  and  steel  articles  where  it  is  subjected  to  hard  blows 
from  the  pieces  jumping  to  meet  the  magnets.  It  offers  httle  or 
no  obstruction  to  the  passage  of  the  magnetic  attraction.  It  is  also 
used  in  the  structure  about  the  compasses  on  some  ships  because 
it  does  not  affect  the  compass  needle.  This  use  may  become  im- 
portant. 

On  the  magnetic  survey  yacht  Cameffie  of  the  Carnegie  Institution, 
which  is  built  wholly  of  wood,  bronze,  and  other  nonmagnetic  mate- 
rials, manganese  steel,  because  of  its  nonmagnetic  property,  is  used 
in  the  grate  and  other  parts  of  the  gas  producer  which  were  neces- 
sarilv  made  of  steel. 
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HOT-WORKED   MANGANESE   STEEL. 

Manganese  steel  is,  like  simple  steel,  or  even  more  so,  improved 
in  its  physical  properties  by  hot  working  (forging  or  rolling).  Cast 
test  pieces  usually  give  misleading  results  because  of  imperfec- 
tions due  to  casting.  To  cut  out  of  the  sohd  and  finish  by  grinding 
a  test  piece  of  cast  manganese  steel  is  expensive,  and  when  done  the 
piece  is  liable  to  be  so  imperfect  as  to  give  practically  valueless 
information.  In  this  respect,  however,  it  is  Uke  many  other  cast 
metals. 

A  steel  that  cast  and  heat-treated  may  show  a  tensile  strength  of 
80,000  pounds  per  square  inch  with  20  per  cent  elongation  may  have, 
when  well  worked  by  forging  and  rolling  and  then  heat-treated,  a 
tensile  strength  of  140,000  pounds  per  square  inch  and  50  per  cent 
of  elongation  in  8  inches. 

The  first  conmiercial  use  of  manganese  steel  was  in  dredge  pins 
for  chain  bucket  dredges,  which  were  forged  from  square  ingots  in 
1889  or  1890  by  Hadfield  at  Sheffield.  The  greater  ease  of  casting 
the  metal,  however,  led  to  the  employment  of  castings  wherever 
they  could  be  used.  The  records  made  by  castings  have  stimu- 
lated -in  recent  years  the  production  of  rolled  pieces,  particularly 
rails,  plates  for  chute  linings,  and  screens  for  crushed  stone.  A 
beginning  has  been  made  in  the  use  of  forged  manganese  steel  for 
purposes  for  which  its  great  strength  and  ductihty  (its  merit  nimiber) 
and  the  consequent  margin  of  safety  it  affords  make  it  particularly 
reliable.  Its  use  in  spring  hangers  on  locomotives  is  an  example. 
Cold  working  such  as  stretching  or  cold  roUing  rapidly  raises  its 
tensile  strength  and  elastic  Umit  but  destroys  most  of  its  ductihty. 
Cold-rolled  manganese  steel  on  test  has  shown  a  tensile  strength  of 
250,000  pounds  per  square  inch  and  an  elastic  hmit  of  230,000  poimds. 

For  screening  coke  woven  screens  of  manganese-steel  bars  are 
giving  a  promise  of  hfe  a  hundred  times  as  great  as  that  of  screens 
made  of  the  soft  simple  steel  usually  used  for  -this  purpose.  Coke 
rapidly  wears  away  metal  on  which  it  impinges,  as  though  it  were 
composed  of  or  contained  many  minute  diamonds. 

The  high  electrical  resistance  of  manganese  steel  would  no  doubt 
lead  to  its  general  use  as  a  resistance  material  in  the  form  of  wire, 
for  which  it  has  been  tried,  were  it  not  that  its  hardness  makes 
drawing  it  into  wire  too  costly  an  operation.  Its  electrical  proper- 
ties are  good  for  this  purpose,  its  specific  resistance  running  from  65 
to  75  microhms  per  cubic  centimeter. 

Agricultural  implements  made  largely  of  roUed  plates,  such  as 
shovels  and  hoes,  offer  a  most  inviting  field  for  the  use  of  manganese 
steel,  especially  for  kinds  of  service  in  which  the  plates  are  used 
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up  by  wear.  If  the  service  is  such  that  they  rust  or  corrode  much 
more  than  they  wear,  tools  made  of  simple  steel  may  be  as  good. 
This  field  is  now  being  entered. 

The  lai^est  demand  for  hot-worked  manganese  steel  is  in  rails  for 
raiboads.  The  rails  are  rolled  on  ordinary  rail  mills  and  are  heat- 
treated  by  being  quenched  immediately  after  rolling.  The  service 
rendered  by  the  rails  is  excellent  and  their  use  is  extending.  Some 
raih'oad  men  think  their  durability  at  least  five  times  that  of  ordi- 
nary rails.  Their  value  to  the  railroads  is  not,  however,  as  great  as 
their  service  compared  with  that  of  simple  steel  rails  as  the  interest 
on  the  extra  price  and  the  relatively  small  value  of  the  scrap  when 
they  are  worn  out  tell  against  them,  though  the  saving  in  the  cost  of 
laying  is  in  their  favor. 

Perforated  plates  of  manganese  steel  for  screening  ores,  crushed 
stone,  and  other  mineral  products  are  promised,  but  special  punching 
machinery  is  needed  to  punch  the  holes,  as  the  holes  probably  must 
be  pimched  at  a  much  slower  speed  than  that  at  which  simple  steels 
are  punched. 

CONCLUSIONS. 

The  economies  resulting  from  the  use  of  manganese  steel  in  its 
various  fields  of  service  have  been  great.  Perhaps  the  most  conspicu- 
ous example  of  its  use  was  in  connection  with  the  Panama  Canal 
where  years  of  time  and  millions  of  expense  were  saved  by  its  use. 

The  promise  of  usefulness  because  of  its  great  tensile  strength  and 
more  remarkable  ductility,  there  is  groimd  to  hope,  may  in  the  near 
future  be  fulfilled. 
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8IMPI«E  NICKEL  STEELS. 

Nickel  steel  was  chronologically  the  fourth  alloy  steel  to  be  intro^ 
duced,  it  having  been  in  use  for  25  years,  and  the  steels  to  which 
nickel  is  added  aggregate  a  large  tonnage.  In  1913,  including  the 
nickel-chromium  steels  as  well  as  the  simple  nickel  steels,  the  total 
amount  of  steel  produced  to  which  nickel  was  added  was  about 
150,000  tons  in  the  ladle,  of  which  about  50,000  tons  was  simple 
nickel  steel.  The  field  for  the  latter  is  being  steadily  narrowed  by 
the  substitution  of  the  cheaper  or  better  nickel-chromium  steels. 

The  useful  nickel-iron  alloys  range,  with  large  intervals,  from  2  to 
46  per  cent  of  nickel,  a  greater  compass  than  is  covered  by  any  other 
element  alloyed  with  iron.  The  addition  of  less  than  2  per  cent  of 
nickel  alone  does  not  seem  to  give  enough  benefit  to  make  the  addi- 
tion worth  while. 

Nickel  in  untreated  ordinary  nickel  steel  raises  the  tensile  strength, 
and  in  a  greater  proportion  the  elastic  hmit  for  a  given  content  of 
carbon  without  decreasing  the  ductiUty. 

Nickel  steels  with  the  different  percentages  of  nickel  present  about 
the  same  range  of  internal  microscopic  structures  as  do  manganese- 
iron  alloys.  With  low-nickel  content,  as  in  the  great  bulk  of  nickel 
steels  made,  the  unhardened  steel  is  pearlitic.  Higher  nickel  content 
gives  martensitic  structure  and  still  higher  austenitic.  Certain 
steels  with  each  of  these  structures  find  uses  as  is  noted  in  subse- 
quent pages. 

MANUFACTURE   OF   SIMPLE   NICKEL   STEEL. 

Nickel  steel  is  made  by  any  of  the  steel-making  processes  but 
most  of  it  is  produced  in  the  open-hearth  furnace.  The  operations 
are  similar  to  those  followed  in  the  production  of  simple  steels. 


SAMPLE   NICKEL   STEELS.  87 

the  nickel  being  either  m  the  materials  of  the  original  charge  or 
added  in  the  metalUc  form  at  any  time  long  enough  before  the  heat 
is  cast  for  the  nickel  to  be  melted  and  thoroughly  mixed  with  the 
metal  of  the  charge.  Nickel  is  negative  to  iron  at  steel-melting 
temperatures  and  the  iron  protects  it  from  oxidation  and  even 
reduces  it  from  its  oxide  so  that  it  is  not  wasted  to  any  considerable 
extent  in  melting  or  working  even  when  iron  ore  is  added  to  the 
bath.  On  the  other  hand  it  does  not  deoxidize  the  metal  or  decom- 
pose carbonic  oxide  or  keep  the  hydrogen  and  other  gases  in  solu- 
tion. It  is  not  added,  therefore,  for  curative  purposes  as  it  gives 
no  aid  in  rendering  steel  sound,  or  free  from  holes.  In  fact,  nickel 
steel  is  prone  to  have  seams  and  surface  defects  after  it  has  been 
rolled,  which  is  one  reason  against  its  wider  use.  The  service  of 
nickel  is  merely  as  an  alloying  element,  to  improve  the  physical 
properties  of  the  finished  steel  either  in  its  natural  or  heat-treated 
condition. 

As  might  be  expected  from  an  alloying  metal  whose  atomic  weight, 
specific  gravity,  and  fusion  poiat  are  so  near  those  of  iron,  nickel 
does  not  s^regate  much  as  the  steel  solidifies,  and  is  claimed  to 
hinder  in  some  degree  the  s^regation  of  carbon  and  the  other  less 
metallic  ingredients.  A  reasonable  explanation  of  this  action  of 
nickel  on  the  other  elements  has  not  yet  been  estabUshed. 

WORKING   OF   SIMPLE   NICKEL   STEEL. 

Ordinary  simple  nickel  steel  (3  to  4  per  cent  nickel)  is  worked 
hot  by  the  usual  forging  and  rolling  operations  much  as  simple 
steel  is  worked.  The  higher  nickel  steels  are  more  difficult  to  work, 
having  narrower  ranges  of  temperature  at  which  they  may  be  hot- 
worked  without  showing  signs  of  redshortness.  In  the  ordinary 
grades  seams  and  adhering  scale  give  some  trouble. 

Although  molten  iron  protects  molten  nickel  from  oxidation,  as 
stated,  iron  can  not  protect  nickel  from  oxidation  in  scale  formed 
on  nickel  steel,  as  in  the  heating  furnace.  The  scale  formed  sticks 
much  more  firmly  to  the  metal  than  that  of  simple  steel  both  hot  and 
cold  and  requires  particular  measures  for  i  ts  removal.  Articles  such  as 
plates,  having  large  flat  surfaces  from  which  the  scale  can  not  escape 
even  if  loosened  by  such  means  as  rolls  or  the  flat  dies  of  the 
forging  press,  are  sometimes  cleaned  cold  by  electrically  driven 
machines  which  break  up  the  scale  by  a  shower  of  blows  with  chisels 
or  hammers.  A  roimd  article  is  much  more  satisfactorily  cleaned 
of  scale  by  the  forging  operation,  as  the  metal  is  worked  while  not 
in  contact  with  the  dies,  and  the  scale  is  thereby  loosened  and  falls 
off.  The  scale  naturally  escapes  more  easily  from  the  underside 
of  a  rolled  plate  than  from  the  top  in  rolling,  and  some  miUs  are 
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equipped  with  apparatus  for  turmng  the  plate  bottom  up  before 
it  is  finished,  so  that  the  scale  which  has  been  repeatedly  loosened 
and  then  rolled  in  again  by  the  rolls  can  drop  off  when  loosened  from 
the  under  side. 

Steels  containing  useful  quantities  of  nickel  are  liable  to  contain 
seams  that  appear  as  dark-colored  lines  in  the  metal.  The  seams 
doubtless  come,  sometimes  at  least,  from  "skin"  gas  holes  which 
become  oxidized  on  their  walls,  and,  although  such  oxidized  holes 
will,  if  present,  forms  seams  in  any  steel,  they  seem  to  persist  more 
in  nickel  steel  because,  perhaps,  the  nickel  prevents  the  welding 
of  such  holes,  as  may  happen  with  holes  in  simple  steels  if  they  are 
squeezed  together  while  hot  enough  and  the  walls  are  clean  and  not 
oxidized.  A  hole  near  the  surface  in  nickel  steel  might  conceivably, 
therefore,  be  drawn  out  and  the  slit  formed  be  opened  to  the  air 
by  the  hot  working,  then  oxidized  on  its  inner  surface,  and  form  a 
seam,  when  a  similar  hole  in  simple  steel  would  be  welded  and  there- 
fore not  form  a  seam.  Nickel-steel  ingots  should  therefore  be 
made  sound  and  free  from  gas  holes.  It  is  held  by  some  persons 
that  seams  develop  in  rolling  without  being  caused  by  gas  holes, 
and  that  this  tendency  is  lessened  by  rolling  at  a  high  temperature, 
about  1,300°  C.  (2,372°  F.). 

GENERAL  CHARACTER  OF  NICKEL  STEEL  USED  FOR  STRUCTURAL 

PURPOSES. 

The  great  bulk  of  simple  nickel  steels  contain  from  2  to  4  per  cent 
of  nickel,  a  proportion  that  affords  the  most  suitable  physical  prop- 
erties for  nearly  all  structural  purposes,  and  the  nickel  content  usu- 
ally aimed  at  in  steels  for  structural  purposes  is  3.25  per  cent.  This 
grade  might  be  called  ordinary  nickel  steel  as  it  is  usually  meant 
when  nickel  steel  is  mentioned  without  further  specification.  It  has 
high  value  for  structural  piuT)oses  such  as  bridges,  gun  forgings, 
machine  parts,  engine  and  automobile  parts,  and  any  similar  line  of 
service  that  is  too  severe  for  simple  steels. 

The  bridges  in  which  it  is  used  are  particularly  those  of  great  span, 
and  it  is  nearly  always  used  in  the  natural  or  annealed  condition 
when  the  additional  strength  and  ductility  imported  is  that  due  to 
the  mere  presence  of  nickel  in  the  metal.  Important  quantities  are 
used  in  the  QueensborOj  Manhattan,  St.  Louis  Municipal,  and  Quebec 
bridges,  and  the  Kansas  City  viaduct.  Some  nickel-steel  tension 
bridge  members  have  been  heat  treated  by  heating  and  quenching, 
being  immersed  in  water  edgewise  with  the  longitudinal  axis  hori- 
zontal, and  afterward  drawn  back  by  a  second  heating  to  give  an 
elastic  limit  of  55,000  pounds  per  square  inch,  a  rather  low  figure. 
A  relatively  low  percentage  of  nickel,  or  about  2  per  cent,  is  sufficient 
to  afford  steel  with  such  a  property,  when  heat  treated. 
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The  use  of  nickel  steel  in  bridges  saves  some  weight,  a  detail  of 
importance  in  such  bridges  as  those  mentioned,  but  when  the  span 
is  moderate  a  bridge  of  simple  steel  is  perhaps  as  good  and  is  less 
costly  even  though  it  contains  considerably  more  weight  of  metal. 

Steel  with  2  per  cent  of  nickel  is  used  in  seamless  tubes  such  as 
are  used  for  bicycles  and  for  other  equipment  requiring  a  high-^rade 
tube.  They  are  not  heat  treated,  but  higher  properties  than  those 
of  the  steel  in  its  natural  state  are  imparted  by  the  cold-drawing 
operations  by  which  these  tubes  are  finished.  The  ordinary  grade 
with  3.5  per  cent  nickel  is  used  in  cannon,  being  always  heat  treated 
for  this  use.  It  is  also  used  in  many  automobile  parts,  the  variety 
of  high  properties  obtainable  in  it  by  modifying  its  heat  treatment 
rendering  it  fit  for  almost  any  service  demanding  a  strength  and 
security  from  breakage  that  a  simple  steel  will  not  meet. 

In  sonae  lai^e  dynamos  the  revolving  fields  are  connected  by 
nickel-steel  rings  having  3  per  cent  nickel,  the  metal  being  particu- 
larly well  suited  for  the  purpose  both  by  its  strength  and  its  mag- 
netic efficiency,  the  permeability  being  high  and  the  hysteresis  losses 
low. 

CHARACTEBISTICS  OF  DIFFEBENT   NICKEL   STEELS   USED  IN   BAILS. 

Nickel-steel  rails  usually  having  about  3.5  per  cent  of  nickel  have 
been  tried  by  many  railroads  and  are  generally  considered  unsatis- 
factory though  small  lots  are  still  being  made  chiefly  for  use  in  tun- 
nels and  other  unusually  wet  or  damp  places,  both  for  their  ability 
to  resist  rusting  and  for  safety  from  breakage.  Their  price  is  nearly 
twice  that  of  simple  steel  rails  and  they  sometimes  give  three  times 
the  service  but  their  average  life  has  been  much  less  than  that.  One 
lot  of  Bessemer  nickel-steel  rails  which  gave  between  one  to  two 
times  the  service  of  simple  Bessemer  steel  rails  wore  unevenly  and 
the  metal  flowed  over  the  side  of  the  head  on  the  curve  so  that  it 
was  finally  detached  in  thin  splinters,  some  of  which  were  3  or  4  feet 
long.  The  rails  from  the  upper  parts  of  the  ingots  were  more  unsat- 
isfactory than  those  from  the  bottom  and  though  the  ingots  were  not 
examined  for  their  soundness  it  seems  evident  that  their  upper  parts 
were  infested  with  blowhole  as  well  as  pipe,  and  that  none  of  the 
holes  or  pipe  were  welded  up  in  rolling,  as  the  effect  of  nickel  in  hin- 
dering welding  of  steel  is  well  established. 

PROPERTIES  OF  ORDINARY  NICKEL  STEEL. 

The  properties  of  ordinary  nickel  steel  are  given  below.  All  the 
samples  consisted  of  small  test  pieces,  and  elongations  were  measured 
on  2  inches  except  as  noted. 
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Properties  of  ordinary  nickel  steels. 


Sam- 
ple 
No. 


3e 
3c 
4< 

5< 

6« 

7« 

8« 

9« 

10« 

lU 

12k 


Composition. 


C. 


P.ct. 

.40 
.40 
.20 
.20 
.20 
.30 
.30 
.30 
.30 
.25 
.35 


Mn. 


P.et. 

0.57 
.64 
.55 
.65 
.65 
.65 
.65 
.65 
.65 
.65 
.74 
.74 


SL 


P.ct. 


0.21 
.31 


8. 


P.ct. 

0.03 
.02 
.03 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.01 
.01 


P. 


P.ct. 

0.02 
.01 
.01 
.04 
.04 
.04 
.04 
.04 
.04 
.04 
.01 
.01 


Ni. 


P.ct. 
3.44 


Condition. 


Physical  properties. 


43 

70 

5 

5 
3.5 
3.5 
3.5 
3.5 
3.5 
3.55 
3.55 


Natural  stats. 

Annealed 

do 

do 

(f) 

lo) 

Annealed 

(*) 

(0 

U) 

(0 

:«) 


Tensile 
strength. 


Pimndt. 
95,420 
98,800 
93,180 


207,000 
135,000 


Elastic 

Elonga- 

Con- 

frAA- 

limit. 

tion. 

tion. 

Pounds. 

P.et. 

P.ct. 

56,670 

6  21.2 

50 

51,400 

<il2.4 

33 

56,060 

<I15.8 

40 

«,000 

27 

62 

95,000 

20 

72 

140,000 

14 

61 

63.000 

27 

63 

87,000 

25 

68 

123,000 

15 

57 

187,000 

13 

57 

177,000 

14 

60 

117,000 

20 

67 

Ball 
hard- 
ness. 


170 
216 
330 
163 
307 
269 
405 
395 
267 


a  Sample  represented  untreated  steel  for  Quebec  brldg?. 
b  In  8  Inches. 

c  Full  size  eyebars  for  St.  Louis  Municipal  Bridge, 
din  18  feet. 

«  Figures  taken  from  Fourth  report  of  Iron  and  Steel  Division:  Bull.  Soc.  Automobile  Eng.,  vol.  4, 1913, 
p.  168.  *^ 

/  Quenched  in  water  at  850*  C;  hardness  drawn  in  air  at  538*  C. 
0  Quenched  in  water  at  800*  C;  hardness  drawn  in  air  at  316*  C. 
A  Quenched  in  water  at  800*  C;  hardness  drawn  in  air  at  593*  C. 
i  Quenched  in  water  at  800*  C;  hardness  drawn  in  air  at  399*  C. 
/Quenched  in  water  at  800*  C;  hardness  drawn  in  air  at  316*  C. 
k  Figures  furnished  by  Haloomb  Steel  Co. 
i  Quenched  in  water  at  843*  C;  hardness  drawn  in  air  at  316*  C. 
m  Quenched  in  water  at  843*  C;  hardness  drawn  in  air  at  538*  C. 

One  per  cent  of  nickel  in  ordinary  nickel  steel  in  the  natural  state 
raises  the  tensility  about  6,000  to  8,000  pounds  per  square  inch. 

The  table  shows  that  ordinary  nickel  steels  may  be  so  made  as  to 
have  a  wide  range  of  properties  that  make  them  suitable  for  any 
structural  piUT)oses  for  which  they  are  not  too  expensive. 

The  properties  of  one  grade  of  nickel^teel  castings  made  for  special 
purposes  are  as  follows:  Composition,  C  0.20  per  cent,  Mn  0.50  per 
cent.  Si  0.35  per  cent,  Ni  2.50  per  cent;  tensile  strength,  85,000 
pounds  per  square  inch;  elongation,  25  per  cent;  contraction,  40 
per  cent.  This  steel  was  not  given  treatment  involving  quenching 
but  was  merely  annealed. 

Steel  contaming  5  to  8  per  cent  of  nickel  presents  a  sort  of  critical 
point,  that  proportion  bemg  the  lowest  at  which,  with  the  usual  range 
of  carbon,  the  structure  is  all  martensitic  and  consequently  very  hard, 
the  martensitic  state  being  equivalent  to  the  hardened  state  of  simple 
steels.  Such  steel  is  difficult  to  work  hot  or  cold  but  can  be  rolled  if 
proper  care  is  used.  It  finds  some  usefuhiess  in  places  where  great 
resistance  to  shock  is  required,  particularly  in  thin  shield  plates  about 
0.15  inch  thick  which  are  used  on  one  side  of  the  caisson  of  field 
artillery  to  protect  the  ammunition,  and  the  men  who  serve  it,  from 
rifle  fire.     A  sample  analyzed  for  *' Tests  of  Metals'^  «  gave  the  follow- 

a  Report  of  the  tests  of  metals  and  other  materials  for  industrial  purposes,  1907,  War  Department,  1908, 
p.  42. 
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ing  composition  in  percentages:  C  0.42,  Mn  0.49,  Si  0.26,  S  0.02, 
P  0.02,  Ni  6.68. 

The  content  of  carbon  determines  the  minimum  amount  of  nickel 
which  must  be  present  to  make  the  steel  wholly  martensitic.  Thus 
if  the  carbon  content  is  low,  about  0.20  per  cent,  8  per  cent  of  nickel 
is  required,  whereas  if  the  carbon  content  is  about  0.80  per  cent  the 
steel  is  martensitic  when  there  is  5  per  cent  of  nickel  contained.  The 
analysis  given  last  above  represents  martensitic  steel. 

Guillet  **  gives  the  properties  of  a  similar  steel,  with  6  per  cent  of 
nickel  and  0.38  per  cent  carbon,  as  follows: 

Properties  of  nickel  steel  containing  6  per  cent  of  nickel. 


CcnditloiL 


Annealed 

Air  hardened  at  850*  C. 
Quendied  in  water 


C. 


PereL 
0.38 


NL 


Perd, 
0.0 


Tensile 
strength. 


Pounds. 
113,780 
177,750 
199,080 


Elastic 
Umtt. 


Pounds. 

156,420 
177,750 


EloDga- 
tton. 


Percent. 
20 
11 
10 


Contrao 
tion. 


Percent. 
S5 
53 
50 


Shock. 


30 
19 
17 


He  does  not  say  whether  this  steel  was  martensitic,  but  the  high 
elastic  limits  indicate  that  it  was  probably  largely  so,  even  in  the 
annealed  condition. 

Steel  with  8  per  cent  nickel  has  one  transformation  point  at  510®  C. 
(950®  F.)  where  points  Ar^,  Ar,,  and  Arg  are  all  merged  into  one. 
Eight  per  cent  is  the  highest  useful  content  of  nickel  in  nickel  steel 
that  is  amenable  to  ordinary  annealing  and  quenching  operations. 
Hardening  by  quenching  does  not  occur  in  steels  containing  10  per 
cent  or  more  of  nickel  which  are  on  the  contrary  softened  by  heating 
and  quenching. 

NICKEL-mON   ALLOT  DISCOVERED   BY   ARNOLD   AND   READ. 

• 

The  13  per  cent  nickel-iron  alloy  with  0.55  per  cent  carbon  dis- 
covered recently  by  Arnold  and  Read*  is  noteworthy  as  it  seems  to 
possess  the  highest  strength  of  any  of  the  nickel  steels.  It  is  so  hard 
as  to  be  unmachinable  and  the  investigators  mentioned  were  not  able 
to  drill  it  even  to  get  some  drillings  for  analysis,  the  composition 
mentioned  being  what  they  aimed  at  when  making  the  steel.  It  has 
a  yield  point  of  about  134,000  pounds  per  square  inch,  a  tensile 
strength  of  about  195,000  pounds,  with  12  per  cent  of  elongation  in 
2  inches.  This  gives  a  merit  figure  of  about  2,300,000  which  is  very 
high  for  such  a  hard  steel  though  it  does  not  compare  with  the  7,000,000 

a  GnlUety  L^on,  Noaveaux  easais  au  choc  a  t^peratures  variables:  Kev.  m6t,  t.  7,  October,  1910,  pp. 
837-844. 

^  AnuM,  J.  O.,  and  Read,  A.  A.,  The  chemical  and  mechanical  relations  of  iron,  tungsten,  and  carbon, 
■ad  of  nidcel,  Iran,  and  carbon:  Proc.  Inst.  Medi.  Eng.,  March-May,  1914,  pp.  223-279. 
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of  forged  manganese  steel.  Steel  of  this  composition  might  have 
been  expected  to  show  maximum  strength  as  a  result  of  Hadfield's 
experiments,*  though  he  did  not  include  this  grade  in  his  seri^  of 
samples.  He  found  that  low-carbon  steels  with  11.4  and  15.5  per 
cent  of  nickel  each  had  a  tensility  of  210,560  pounds,  which  was  more 
than  was  possessed  by  the  steels  next  above  and  below.  The  curve 
therefore  should  have  reached  a  maximum  between  them  with  a 
nickel  content  of  about  13.5  per  cent. 

Arnold  and  Read's  steel  should,  of  coiu^e,  have  a  higher  tensility, 
or  about  215,000  poimds,  to  harmonize  with  Hadfield's,  and  further 
tests  are  needed  to  establish  the  exact  path  of  the  curve.  Arnold 
and  Read  note  that  the  composition  of  this  steel  nearly  corresponds 
with  the  formula  Fe^Ni.  With  such  properties  as  it  possesses  this 
steel  is  likely  to  find  at  least  a  limited  field  of  usefulness. 

PROPERTIES    OF    DIFFERENT    STEELS     HAVING    DIFFERENT    PERCENT- 
AGES  OF  NICEEL. 

Before  Arnold  and  Read's  discovery  of  the  13  per  cent  grade,  15  per 
cent  nickel  steel  was  thought  to  have  the  greatest  strength  of  all  the 
nickel  steels — that  is,  in  the  natural  state.  This  variety  has  been 
employed  in  a  few  instances  for  shafting  and  similar  service  for  which 
other  steels  failed,  but  the  amoimt  of  it  used  is  negligible  in  sta- 
tistics. It  is  hard  to  machine,  and  heating  followed  by  slow  cooling 
does  not  soften  it,  though  heating  and  quenching  does  enough  to 
allow  it  to  be  machined  slowly.  It  has  a  tensility  of  about  170,000 
poimds  and  an  elastic  limit  of  150,000  poimds  per  square  inch,  accord- 
ing to  one  observer,  though,  as  stated  above,  Hadfield  obtained 
210,560  poimds  tensility,  with  httle  ductility.  It  is  likely  that  the 
properties  desired  when  this  steel  was  used,  particularly  its  ductil- 
ity, could  now  be  surpassed  by  the  much  cheaper  heat-treated  ordi- 
nary niokel  or  nickel-chromium  steels. 

Eighteen  per  cent  nickel-iron  alloy,  although  not  useful,  is  worthy 
of  note  here  because  of  its  anomalous  action  (according  to  Sexton 
and  Primrose^)  when  cooled  from  200°  C.  (392°  F.).  At  first  it 
contracts  uniformly  until  its  temperature  faUs  to  130°  C.  (266°  F.). 
Then  it  expands  while  cooling  to  60°  C.  (140°  F.),  when  it  again 
contracts  as  the  temperature  falls  farther. 

Twenty-two  per  cent  nickel  steel  is  used  when  resistance  to  rusting 
or  corrosion  is  desired.  A  noted  example  is  the  valve  stems  of  the 
salt-water  fire-protection  service  of  the  city  of  New  York  where  the 
apparatus  may  not  be  allowed  to  become  inoperative  or  hard  of  action 
from  the  formation  of  rust.     It  is  also  used  sometimes  for  the  spark 

a  Hadfield,  R.  A.,  Alloys  of  iron  and  nickel:  Proc.  Inst.  Civ.  Eng.,  vol.  138, 1899,  pp.  1-124. 
t>  SextoD,  A.  H.,  and  Primrose,  J.  8.,  The  metallurgy  of  iron. 
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poles  in  the  spaxk  plugs  of  internal-combustion  engines,  including 
automobiles,  though  commercial  nickel  wire  is  more  commonly  used. 

BKgh-nickel  steels  having  25  per  cent  or  more  of  nickel  and  low 
c-arbon  content  (about  3  per  cent)  are  austenitic  in  structure  and  in 
the  natural  state  are  softer  and  tougher  than  the  medium-nickel 
martensitic  steels. 

High-nickel  steel  containing  24  to  32  per  cent  nickel  in  the  form 
of  wire  is  used  for  electrical  resistance  in  small  quantity,  probably 
between  5  and  10  tons  per  year  in  this  country. 

The  analysis  and  resistance  of  samples  of  E^rupp  nickel-steel  re- 
sistance wire  are  shown  below.  This  wire  is  used  in  electric  toasters, 
cookers,  irons,  and  similar  devices. 

Analysis  (md  resistance  of  samples  o/Krupp  nickel-steel  resistance  wire. 


Sample  No. 

C. 

Hn. 

61. 

S. 

P. 

Or. 

Nl. 

Specific 

rasistanoe 

per  cable 

centimeter. 

1 

Percent. 

a  53 

.39 

Percent. 
0.75 
1.00 

Percent. 

0.10 

.70 

Percent. 

0.035 

.035 

Percent. 

0.034 

.035 

Percent. 

Percent. 
30.6 
24.2 

Mleroknu. 
87.9 

2 

Steel  with  27  per  cent  of  nickel  is  used  in  bits,  stirrups,  and  spurs 
in  riding  harness  because  of  its  resistance  to  rusting.  It  will  never- 
theless rust  slowly  at  ordinary  temperature  under  conditions  that 
strongly  induce  oxidation. 

Steels  containing  more  than  24  per  cent  of  nickel  are  practically 
nonmagnetic  in  their  ordinary  condition,  a  rather  remarkable  fact 
when  the  high  magnetic  susceptibility  of  both  iron  and  nickel  alone 
is  considered.  The  explanation  that  the  critical  point  marking  the 
change  from  the  nonmagnetic  to  the  magnetic  state  of  iron  is  lowered 
by  the  nickel  from  about  700°  C.  (1,292°  F.)  to  below  ordinary 
atmospheric  temperatures  is,  no  doubt,  sound  as  far  as  it  goes.  When 
25  per  cent  nickel  steel  is  cooled  to  —40°  C.  (  —  40°  F.)  it  becomes 
magnetio,  and  retains  its  magnetism  at  ordinary  atmospheric  tem- 
peratures. On  being  heated  to  580°  C.  (1,076°  F.),  however,  the 
alloy  reverts  to  the  nonmagnetic  state.  This  separation  of  620°  C. 
between  the  critical  points  marking  the  magnetic  states  in  heating 
and  cooling  is  great  in  comparison  with  the  25°  to  50°  C.  of  simple 
steels,  and  because  of  it  this  steel  is  classed  as  irreversible. 

The  nonmagnetic  quaUty  of  high-nickel  steels  is  not  utiUzed  chiefly 
because  of  its  capacity  for  becoming  magnetic,  as  described  above,  for 
if  it  happened  to  be  cooled  enough  to  make  it  magnetic  it  could  not 
in  most  cases  be  easily  demagnetized. 

The  fact  that  high-nickel  austenitic  steels  have  a  somewhat  lower 
modulus  of  elasticity  than  the  low-nickel  or  simple  steels  does  not 
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affect  their  value  for  the  uses  made  of  them.  These  steels  also  have 
low  elastic  limits  though  they  are  tough  and  show  up  well  in  the  shock 
test.  Nevertheless  they  are  generally  used  not  because  of  superior 
physical  properties  but  because  of  their  resistance  to  rusting  and  cor- 
rosion or  their  electrical  resistance.  With  a  carbon  content  of  0.25 
to  0.30  per  cent  and  32  per  cent  nickel  they  are  used  in  valves  for 
gasoline  motors  with  good  results. 

Nickel  steel  with  30  per  cent  of  nickel  is  used  in  boiler  tubes,  par- 
ticularly in  marine  boilers,  for  which  it  is  admirable.  These  tubes 
are  in  the  natural,  not  heat-treated  state.  They  resist  corrosion  bet- 
ter than  simple  steel  tubes  and  last  three  times  as  long.  Hence  their 
use  is  sometimes  economical  in  spite  of  the  much  higher  cost. 

INVAR. 

The  36  per  cent  nickel  steel  known  as  Invar  is  used  to  the  extent  of 
perhaps  a  few  hundred  pounds  a  year  in  clock  pendulums,  rods  for 
measuring  instruments,  and  such  parts  for  which  its  exceedingly 
slight  expansion  and  contraction  when  heated  and  cooled  within  the 
atmospheric  range  gives  it  a  particular  value.  Nevertheless,  its 
coefficient  of  expansion,  even  though  small,  is  not  negUgible,  and  com- 
pensating means  must  be  used  in  Invar  clock  pendulums  and  in  the 
Invar  balance-wheels  of  watches.  A  watch  with  an  Invar  balance- 
wheel  varied  20  seconds  per  day  during  a  temperature  change  of  40° 
to  90°  F.,  the  usual  test  change,  a  variation  too  great  for  a  good 
watch.  Some  Invar  has  as  low  a  coefficient  of  expansion  as  0.0000008 
per  degree  centigrade,  and  samples  have  been  made  that  contracted 
slightly  when  warmed.  The  coefficient  given  indicates  an  expansion 
of  0.05  inch  in  a  mile  per  degree  C. 

When  Invar  is  heated  to  about  300°  C.  (572°  F.)  and  higher  its 
coefficient  of  expansion  is  greatly  increased  and  its  lack  of  expansion 
at  ordinary  temperatures  appears  to  be  merely  a  belated  and  not 
destroyed  function.  With  excessive  cold  there  is  likewise  a  resump- 
tion of  contraction. 

PLATINITE. 

Forty-six  per  cent  nickel  steel  with  0.15  per  cent  carbon  known  as 
platinite,  has  about  the  same  coefficient  of  expansion  as  platinum  and 
gla^s  and  for  that  reason  may  be  imbedded  in  glass  without  breaking 
the  latter  by  a  difference  in  expansion.  It  has  been  used  in  leading 
wires  in  the  glass  bases  of  electric  incandescent  lamp  bulbs  as  a  sub- 
stitute for  platinum  which  was  formerly  held  to  be  indispensable.  In 
those  lamp  bulbs  the  preservation  of  the  vacuum  is  necessary  and  the 
joint  between  the  wire  and  glass  must  be  kept  tight.  Platinite  has 
not  been  found  wholly  suitable  for  this  purpose  and  is  not  now  so  used, 
a  compound  wire  with  a  38  per  cent  nickel-steel  core  encased  in  copper 
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and  sometimes  coated  with  platinum  being  now  generally  employed. 
The  nickel-steel  core  if  free  will  expand  less  than  the  glass  and  the 
copper  more,  so  that  each  resists  the  other  and  the  wire  as  a  whole 
will  have  the  desired  rate  of  expansion.  About  2  tons  of  nickel  steel 
per  year  is  used  in  this  wire. 

Many  other  alloys  of  iron  and  nickel  have  been  studied  by  GuiUet 
and  others.*  In  fact  the  whole  range  has  received  more  or  less 
thorough  attention,  and  much  knowledge  of  scientific  value  has  been 
gained  concerning  the  varieties  that  so  far  have  not  found  useful 
application. 
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NIGKBL-GHBOMIUM  STBBL8. 

Nickel-chromium  steels,  known  in  the  trade  as  chrome-nickel  steels, 
are  perhaps  the  most  important  of  the  structural  alloy  steels.  Their 
field  of  usefulness  is  continually  being  enlarged  by  their  application 
for  new  purposes  and  also  by  encroachment  on  the  premises  of  some 
of  the  other  alloy  steeb,  notably  of  simple  nickel  steel,  and  they  have 
almost  wholly  displaced  nickel-vanadium  and  nickel-chromium- 
vanadium  steels,  which  several  years  ago  were  in  some  considerable 
demand. 

The  amount  of  nickel-chromium  steels  produced  in  1913  was 
thought  to  be  about  100,000  tons  of  ingots,  all  made  in  the  open- 
hearth  furnace  with  the  exception  of  2,000  or  3,000  tons  melted  in 
crucibles  and  electric  furnaces.  The  steel  is  made  by  10  or  12  com- 
panies, 2  of  which  make  it  at  several  different  plants. 

Nickel-chromium  steels  are  seldom  used  in  any  but  a  heat-treated 
condition.  By  suitable  treatment  pieces  of  small  mass  can  be  made 
to  have  as  high  physical  properties  as  any  steels  known,  with  any 
elastic  limit  between  40,000  and  250,000  pounds  per  square  inch, 
accompanied  by  ductihty  that  is  high  as  compared  with  its  strength, 
as  the  ductiUty  naturally  lessens  as  the  elastic  limit  increases. 

Nickel-chromium  steels  can  be  made  somewhat  more  cheaply  than 
simple  nickel  steel  of  the  same  strength  and  ductihty  containing  a 
smaller  total  of  the  alloying  elements,  and  chromium  is  less  costly 
than  nickel. 
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COMPOSITION   AND  FBOPEBTIES. 

llie  upper  limit  of  nickel  in  useful  chrome-nickel  steels  is  about 
3.5  per  cent,  and  all  useful  steels  of  this  class  are  pearlitic,  according 
to  Guillet.**  According  to  the  same  authority,  when  a  chrome- 
nickel  steel  is  casehardened,  the  case  is  harder  than  that  of  a  simple 
nickel  steel. 

Sonie  of  the  defects  and  troubles  of  chrome-nickel  steels  are  Uke 
those  of  simple  nickel  steels  previously  considered. 

The  composition  and  properties  of  six  nickel-chromium  steels  in 
the  natural  or  untreated  state  are  given  in  the  table  following: 


Competition  and  properties  of  nickel-chromium  steels  in  natural 

or  untreated  state. 

■mple 
No. 

Compoaitioii. 

TwsilA  propflrtias. 

a 

c. 

Ifn. 

81. 

8. 

P. 

Nt 

Cr. 

Tcosfle 
strtngth. 

Elastic 
limit. 

Con- 
trac- 
tion of 
area. 

Ekm- 
gation 

inches. 

BaU 
hard- 
ness. 

Remarks. 

1.. 

P.CL 

0.55 
.18 
.15 
.20 
.25 
.25 

P.ct. 

0.41 
.27 
.34 
.42 
.32 
.32 

P.et. 

0.22 
.06 
.13 
.07 
.10 
.10 

P,eL 
0.03 
.04 
.03 
.06 
.08 
.03 

P.et. 

0.02 
.02 
.01 
.02 
.02 
,02 

P.et. 

1.63 

1.28 

1.28 

3.86 

1.46 

1.45 

P.et. 
1.14 
1.50 
.37 
1.48 
1.30 
1.20 

Poundt. 
96,000 
72,000 
59,000 

Pounds. 
75,000 
51,000 
42,000 

P.et. 
66 
71 
64 

P.et. 
31 
37 
38 

186 
134 
115 

Ann^HllfKl. 

2, 
3. 

4 

Do. 
Do. 
Natonl. 

5. 
6. 

06,500 
97,100 

81,500 
80,900 

68 
40 

25 

a7 

Test  piece. 
Eyebar:    full 

SiM. 

•  In  21  feat. 

Sample  4  is  from  a  plate  similar  to  that  used  in  the  mast  of  the 
yacht  VanUie.     It  was  not  heat-treated  but  was  used  as  rolled. 

Samples  5  and  6  represent  the  same  steel  and  show  the  relative 
properties  of  the  small  test  piece  and  the  full-size  eyebar  for  a  bridge 
the  section  of  which  was  14  by  2  inches.  The  difference  in  elonga- 
tion is  particularly  noticeable,  the  great  local  stretch  near  the  point 
of  rupture  being  only  a  small  part  of  the  total  length  of  the  bar. 

The  composition  and  properties  of  six  nickel  chromium  steels  in 
the  heat-treated  condition  were  as  follows: 


Composition  and  properties  of  nickel-chromium  steels  in 

heat-treated  condition. 

Composition. 

Tensile  properties. 

Heat  troatment. 

Tem- 

Sam« 

P.nn- 

Temper- 

pera- 

§;. 

trac- 

tion 

of 

Elon- 

Ball 
hard- 

ature  at 

ture  at 

c. 

Un. 

81. 

8. 

P. 

Nl. 

Cr. 

Ten- 
sUIty. 

Elastic 
limit. 

gation 
in  2 

which 
steel  was 

which 
temper 

inches. 

ZimS. 

quenched 

was 

area. 

in  water. 

drawn 

P.  a. 

P.ct. 

in  air. 

P.et. 

P.et. 

P.et. 

P.et. 

P.et. 

P.et. 

Pounds. 

Pound*. 

P.ct. 

•  C. 

•  C. 

1 

a  40 

0.74 

a24 

0.03 

0.02 

3.45 

1.20 

187,000 

175,000 

43 

10 

352 

830 

371 

2 

.36 

.53 

.11 

.04 

.01 

1.55 

.70 

145,000 

125,000 

65 

20 

233 

830 

566 

3 

.21 

.41 

.22 

.08 

.02 

3.52 

1.11 

110,000 

75,000 

66 

24 

215 

830 

682 

4 

.48 

.44 

.16 

.01 

.01 

2.02 

.98 

212,000 

186,000 

40 

10 

445 

843 

427 

5 

.48 

.44 

.16 

.01 

.01 

2.02 

.98 

140,000 

120,000 

61 

18 

287 

843 

649 

6     .38 

.28 

.27 

.02 

.01 

3.01 

.65 

114,000 

90,000 

69 

25 

266 

843 

649 

o  Onlllet,  JAon,  Aders  nickel  chrome:  Rev.  de  m6t.,  t.'3, 1906,  pp.  462-484. 
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Any  one  of  the  first  three  samples  could  be  given  substantially 
the  properties  of  either  of  the  other  two  by  varying  the  temperature 
of  the  second  heating. 

Most  of  the  nickel-chromium  steel  goes  into  armor  plate,  projectiles, 
and  automobile  parts. 

USE   IN  AUTOMOBILES. 

For  automobiles — and  the  practice  might  be  advantageously 
extended  to  other  fields— rthree  grades  of  nickel-chromium  steel  aro 
used.  They  are  called  low,  medium,  or  high  according  to  their 
contents  of  nickel  and  chromium.  The  carbon  content  may  be 
varied  for  each  grade  within  the  limits  shown  in  the  following  tabic : 

Composition  of  nickel-chromium  auUrmohile  steels. 


Grade. 

C. 

Mn. 

Si. 

S. 

P. 

NL 

Or. 

Low 

0.20  to  0.40 
.20to  .40 
.20to  .40 

a65 
.65 
.65 

Low. 
Low. 
Low. 

a  045 
.045 
.045 

ao4 

.04 
.04 

1.25 
L76 
3.50 

a6 

MfH^ium . . 

1,10 

High 

1.50 

"  ■  "O"" ••.•••-■-••••-■■•--•••-•-•----•-- 

These  steels  are  almost  invariably  heat  treated  for  use  in  auto- 
mobiles, a  wide  range  of  properties  being  attainable  by  varying  the 
heat  treatment  with  each  steel.  The  properties  overlap  those  of 
steels  of  both  harder  and  softer  grades,  so  that  a  wide  choice  of  prop- 
erties is  afforded  as  well  as  a  choice  of  steels  for  the  set  of  properties 
desired. 

USE   IN  ARMOR   PLATE. 

An  important  use  for  chrome-nickel  steel  is  in  both  thick  and 
medium  armor  plate  for  war  vessels.  The  thick  heavy  side  armor, 
6  to  14  inches  thick,  is  face  hardened  by  the  well-known  methods. 
A  recent  analysis  of  the  body  of  a  plate  gave:  C  0.33  per  cent,  Mn 
0.32  per  cent.  Si  0.06  per  cent,  S  0.03  per  cent,  P  0.014  per  cent, 
Ni  4  per  cent,  Cr  2  per  cent,  and  its  tensile  properties  after  treatment 
were: 

Tensile  strength,  pounds  per  square  inch 101, 000 

Elastic  limit,  pounds  per  square  inch 77, 500 

Elongation  in  2  inches,  per  cent 24 

Contraction  of  area,  per  cent 60 

The  results  from  such  a  great  mass  of  metal  were  excellent. 

Medium  armor,  between  3  to  5  inches  thick,  is  rather  similar  in 
composition.  It  is  not  face  hardened,  but  is  given  high  properties 
as  a  whole  by  the  heat  treatment  to  which  it  is  subjected.  An 
analysis  lately  made  gave:  C  0.30  per  cent,  Mn  0.34  per  cent.  Si  0.13 
per  cent,  S  0.03  per  cent,  P  0.03  per  cent,  Ni  3.66  per  cent,  Cr  1.45 
per  cent. 
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Its  physical  properties  were  those  given  below  as  sample  1.  Sam- 
ple 2  represented  another  chrome-nickel  steel  made  for  the  same 
purpose,  containing  3^  per  cent  of  nickel. 

Sample  1.  Sample  2. 

TensQe  Btrengdi,  pounds  per  square  inch 119,000  138,000 

Elastic  limit,  pounds  per  square  inch 106,000  119,000 

Elongation  in  2  inches,  per  cent 22  22 

Contraction  of  area,  per  cent 61  49 

Such  steel  is  most  excellent  for  use  on  warships  to  form  protective 
decks  and  barriers  to  protect  from  secondary  battery  fire.  Chrome- 
nickel-vanadimn  steel  is  also  used  for  this  pmpose,  as  noted  elsewhere. 

USE  IK   FBOJEGITLES  AND  IN  BAILS. 

Nickel-chromium  steel  is  used  in  the  manufacture  of  most  armor- 
piercing  projectiles. 

Cubillo  **  cites  a  steel  for  projectiles,  having  0.48  per  cent  C,  0.58 
per  cent  Mn,  0.75  per  cent  Cr,  2.55  per  cent  Ni,  0.40  per  cent  Si,  0.04 
per  cent  P.  A  test  piece  quenched  in  oil  and  tempered  had  an  elastic 
limit  of  129,400  pounds  per  square  inch,  a  tensile  strength  of  150,300 
pounds  per  square  inch,  and  an  elongation  of  19  per  cent. 

For  large  projectiles  Girod*  prefers  chromium-tungsten  steel 
having  0.50  per  cent  C,  4  per  cent  Ni,  0  to  1.5  per  cent  Cr,  and  0.25 
per  cent  W. 

It  is  curious  that  nickel  is  considered  to  improve  the  quality  of  shot 
although  generally  held  to  injure  the  quality  of  high-epeed  tool  steels. 
In  use  there  seems  to  be  a  parallel  between  the  requirements  of  the 
two,  except  for  the  important  and  vital  difference  as  to  the  required 
speed  at  which  they  respectively  meet  the  metal  to  be  penetrated. 
The  speed  of  impact  of  the  shot  enables  it  to  enter  when  no  amount 
of  pressure  will  effect  the  same  result. 

Chrome-nickel  steel  rails  having  2  per  cent  of  nickel  and  0.7  per 
cent  of  chromium  have  been  tried  by  several  railroads,  but  with 
unsatisfactory  results.  They  resisted  wear  well  as  compared  with 
simple  steel  rails,  but  broke  badly  both  transversely  and  lengthwise, 
so  that  they  were  considered  imsaf e  and  consequently  were  removed. 
They  were  made  by  the  Bessemer  process  and  were  not  heat  treated. 

DETAILS  OF  MANUFACTUBB  OF  A  SPECIFIC  PIECE  OF  NICSEL-CHROMIUM 

STEEL. 

Following  is  a  description  of  the  manufacture  of  a  large  shaft  of 
mild  chrome-nickel  steel  for  marine  purposes.  A  corrugated  35-ton 
ingot  45  inches  in  diameter  was  made  of  basic  open-hearth  steel 

«  Coblllo,  L.,  Armor-piercing  projectiles:  Jour.  Iron  and  Steel  Inst.,  1913,  p.  251. 

k  Oirod,  P.,  Disousskni  of  paper  on  armor-piercing  projectiles:  Joor.  Iron  and  Steel  Inst.,  1913,  p.  252. 
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having  0.24  per  cent  C,  0.70  per  cent  Mn,  0.013  per  cent  P,  0.015  per 
cent  S,  0.18  per  cent  Si,  1.60  per  cent  Ni,  and  0.32  per  cent  Cr.  A  few 
hundredths  per  cent  of  titanium  was  added  in  the  ladle,  but  did  not 
appear  in  the  steel.  The  shaft  when  finished  was  14^  inches  in  diam- 
eter, with  an  8-inch  hole  through  on  the  center  line. 

The  steel  was  melted  without  the  addition  of  ore  late  in  the  heat,  a 
jnethod  that  favored  soundness  and  tended  to  allow  the  steel  to  clean 
itself  of  insoluble  impurities  such  as  oxides  and  silicates.  The  ingot 
was  forged,  annealed  at  866°  C.  (1590°  F.),  bored,  rough-turned, 
heated  to  750°  C.  (1382°  F.),  quenched  in  oil,  and  drawn  at  593°  C. 
(1100°   F.). 

The  shaft  was  merely  raised  to  the  drawing  temperature,  593°  C, 
when  firing  at  once  ceased,  the  furnace  was  closed,  and  the  shaft 
allowed  to  cool  with  the  furnace. 

The  averages  of  the  tests,  which  were  longitudinal,  were  as  follows: 
Tensile  strength,  83,300  pounds  per  square  inch,  elastic  limit,  52,500 
pounds  per  square  inch,  elongation  in  2  inches  26  per  cent,  contraction 
60  per  cent.  The  results  were  excellent,  though  seemingly  a  lower 
drawing  temperature,  which  would  have  resulted  in  a  higher  elastic 
limit,  would  have  been  justified. 

MATARI  STEEL. 

A  so-called  natural  chrome-nickel  steel  is  now  made  from  certain 
ores  mined  at  Mayari,  Cuba.  The  ores  carry  enough  nickel  to  give 
1.3  to  1.5  per  cent  of  nickel,  and  enough  chromium  to  give  2^  to  3 
per  cent  of  chromitmi  in  the  crude  iron  smelted  therefrom.  Wben 
the  iron  is  converted  into  steel  by  the  pnetmiatic  or  open-hearth 
processes,  the  nickel  is  practically  all  present  in  the  sted,  but  the 
chromium  is  of  necessity  largely  wasted  by  being  oxidized. 

Steel  made  in  part  of  Mayari  iron  is  giving  good  service  in  rails  and 
particularly  in  track  bolts,  which  are  heat  treated  to  give  the  metal 
an  elastic  limit  of  75,000  pounds  per  square  inch. 

Why  these  rails  are  satisfactory  when  other  chrome-nickel  steels 
were  not  has  not  been  explained.  The  chief  differences  seem  to  be 
(1)  that  these  Mayari  steel  rails  have  less  of  the  alloying  elements 
because  Mayari  iron  is  used  only  in  part  in  them,  and  (2)  that  the 
steel  is  made  in  the  open-hearth  furnace. 

The  use  of  steel  containing  Mayari  iron  is  increasing,  and  the 
demand  is  enough  to  induce  the  production  synthetically  of  steels  of 
the  same  composition  by  adding  nickel  and  chromium  to  simple  steels 
in  the  Mayari  proportions. 

The  Mayari  steels  are  not  included  in  the  estimated  quantity  of 
chrome-nickel  steels  made,  as  already  given.  In  fact  it  is  likely  that 
in  the  near  future  the  tonnage  of  Mf^ari  steels  will  surpass  that  of  all 
the  other  chrome-nickel  steels  taken  together. 
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Castings  are  made  also  of  chrome-nickel  steel  and  may  be  used  in 
the  annealed  or  heat-treated  condition. 

Composition  and  properties  of  chrome-nickel  steel  castings. 


Sam- 
So. 

Composition. 

Tensile  properties. 

C. 

Mn. 

81. 

8. 

P. 

Nl. 

Or. 

Tensile 
strengtb. 

Elastic 
limit. 

Contrac- 
tion of 
area. 

Elonga- 
tion in  2 
inches. 

Condition. 

1 

2 

3 

P. a. 

0.30 
.33 
.30 

P.et. 

0.41 
.30 
.20 

PM. 
6.'35* 

P.et. 

0.04 

.04 

P.et. 

0.03 

.03 

P.et. 
3.04 
3.58 
2.50 

P.et. 
1.49 
1.61 
.50 

Pownda. 
91,500 
90,500 

110,000 

Pound: 
45,500 
46,500 
80,000 

P.et. 
24 
27 
30 

P.et. 
16.5 
18.5 
20 

Annealed. 

Do. 
Heat-treated. 
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SILICOK  STEELS. 

Although  silicon  is  an  ingredient  of  practically  all  steels  its  presence 
is  often  accidental  or  unavoidable;  and  if  it  is  added  to  simple  struc- 
tural and  tool  steels  the  purpose  is  to  promote  soundness  rather  than 
to  improve  the  properties  of  the  finished  steel.  In  tool  steels  silicon 
is  always  present,  and  in  times  past  high-sihcon  steels  have  been 
advocated  for  tools,  but  they  are  not  now  so  used  in  a  commercial 
way. 

MANUFACTURE  OF  SILICON  STEEL. 

Silicon  steels  are  generally  made  in  the  open-hearth  furnace,  pref- 
erably on  an  acid  hearth,  as  the  acid  slag  does  not  waste  the  sihcon  in 
the  final  additions  as  rapidly  as  does  a  basic  slag  that  contains  free 
oxide  of  iron,  and  therefore  the  final  content  of  silicon  desired  may 
be  more  closely  controlled. 

Silicon  in  true  silicon  steels  must  be  added  to  the  chaise  only  a 
short  time  before  teeming,  as  any  oxygen  that  reaches  the  metal  will 
largely  be  taken  up  by  the  silicon  which  will  be  wasted  by  burning 
to  silicic  acid  (SiO,).  When  so  added  to  a  bath  in  proper  condition 
as  to  temperature  and  amount  of  dissolved  oxygen  or  oxides  the 
silicon  will  overwhelm  the  gases  in  solution,  and  the  steel  as  cast  will 
be  free  from  blowholes  and  with  a  maximum  tendency  to  pipe. 
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Because  of  the  large  proportion  of  silicon  in  silicon  steels  and 
because  of  the  short  time  allowable  after  the  silicon  has  been  added 
to  the  bath  it  should  be  added  in  the  heated  or  molten  state. 

Silicon  steels  containing  about  2  per  cent  of  silicon  or  more  roU 
very  "  dry,"  that  is,  they  are  liable  to  be  cracked  by  the  heavy  reduc- 
tions of  the  first  passages  through  the  blooming  mill. 

PROPERTIES   OP  SILICON   STEELS. 

Silicon  steel  containing  0.20  per  cent  of  carbon  may  be  rolled  if 
the  silicon  content  is  less  than  7  per  cent.  With  0.90  per  cent  carbon 
it  may  be  rolled  if  the  siUcon  is  less  than  5  per  cent.  With  a  silicon 
content  higher  than  5  per  cent  the  metal  is  useless.**  In  structural 
steels  the  effect  of  the  siUcon  is  to  raise  the  elastic  limit  to  a  moderate 
degree.  Silicon  lowers  the  coefficient  of  expansion  of  steel  somewhat 
as  nickel  does. 

Compontion  and  properties  of  structural  silicon  {**silicO'manganese**)  steels. 


Sam- 

Descriptkm. 

c. 

Si. 

Ifn. 

8. 

P. 

Tensile 
strengtli. 

ElasUc 
limit. 

Elon- 
gation. 

OOQ- 

trao- 
tion. 

BaU 
hard- 
ness. 

1 

Automobile  springs 

Springs  treated 

Carriaffo  aides 

Test  pleco,  natural 

condition 

Test  pleoe,  treated. 

Test,  treated 

Annealed 

P.cf. 

aso 

.47 
.50 

.48 
.48 
.50 
.30 
.36 
.31 

P.ct. 
2.0 
1.83 
1.90 

1.4 

1.4 

1.75 

1.27 

1.27 

2.39 

P.d. 

0.70 
.70 
.70 

.45 
.45 
.65 
.57 
.57 
.48 

P.ct. 

ao4 

.01 
.04 

P.ct. 

a03 
.01 
.04 

PouiuU. 

Pounds. 

P.ct. 

P.ct. 

2 
8 

254,000 

230,000 

9 

40 

4 

113,760 
177,750 

71,100 
140,310 
198,700 

59,750 
160,850 
104,700 

17 
14 
&5 
25 
12.5 
22 

8 

« 

21 
48 
34 
55 

418 

7 

.03 
.03 
.03 

.02 
.02 
.05 

94,500 
182,200 
134,750 

8 
9 

Drawn  at  427*0... 

The  treated  test  piece  comprising  sample  5  was  heated  to  954°  C. 
(1,750°  F.),  quenched  in  water,  and  drawn  at  427°  C.  (800°  F.). 
The  hardening  temperature  of  samples  8  and  9  was  probably  about 
the  same  as  that  of  sample  5. 

USES  OF  SILIOON   STEELS. 

The  dividing  line  between  sihcon-treated  steels  and  silicon-alloy 
steels  is  not  clearly  defined^  but  the  latter  are  used  for  several  impor- 
tant purposes.  In  structural  lines  their  employment  b  limited,  as 
their  properties  can,  generally  speaking,  be  readily  equaled  or 
excelled  by  simple  steels. 

The  chief  structural  use  of  silicon-alloy  steel  is  in  springs  of  the 
leaf  type  for  automobiles  and  other  vehicles.  The  silicon  is  considered 
to  make  the  springs  somewhat  tougher  so  that  they  are  less  liable  to 
break  in  service  than  springs  of  simple  steel.  In  the  trade  this  steel 
is  called  silico-manganese  steel,  though  its  content  of  manganese  is 

a  Quillet,  L^n,  Aciera  au  silicium:  Rev.  m6t.,  1. 1, 1904,  p.  67. 
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tistially  no  more  than  is  common  in  simple  steels  and  not  enough  to 
properly  cause  the  steel  to  be  classified  as  a  manganese-alloy  steel. 

In  electricity,  an  important  use  for  silicon-alloy  steel  is  in  the 
cores  of  static  transformers.  With  the  exception  of  manganese  most 
of  the  elements  employed  in  making  alloy  steels,  although  not  greatly 
decreasing  the  magnetic  susceptibility  of  the  iron  that  contains  them, 
lower  its  hysteresis  loss.  Sihcon  is  the  element  most  used  for  that 
purpose  because  it  is  the  cheapest,  but  aluminum,  phosphorus,  nickel 
(3^  per  cent),  and  timgsten  have  a  similar  effect. 

The  silicon  content  in  silicon  transformer  metal  is  usually  between 
3J  and  4J  per  cent  or,  more  exactly,  4  to  4^  per  cent.  Some  25,000 
tons  was  used  in  1913  for  this  purpose.  The  steel  is  rolled  into  thin 
sheets  which,  for  one  large  user,  are  0.014  inch  thick;  the  transformer 
cores  are  btdlt  up  of  these  sheets,  which  are  cut  to  shape  separately 
by  stamping.  For  low  induction  the  permeability  of  this  steel  is 
nearly  as  great  if  not  greater  than  that  of  any  other  variety  of  iron 
or  iron  alloy  known,  and  its  hysteresis  loss  is  less  than  that  of  any 
other  of  nearly  as  low  cost. 

The  results  of  an  analysis  of  a  transformer  core  made  of  silicon- 
alloy  steel  are  as  follows:  C,  0.08  per  cent;  Si,  4.18  per  cent;  Mn,  0.11 
per  cent;  S,  0.06  per  cent;  P,  0.01  per  cent;  Al,  0.01  per  cent. 

Silicon  steels  can  not  be  case  hardened  as  the  siUcon  retards  the 
absorption  of  carbon ;  the  siUcon  content  must  therefore  be  low,  not 
over  0.04  per  cent,  in  steel  intended  to  be  so  treated. 
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HIGH-SFEBD  TOOL  STEBLS. 

Higb-speed  tool  steels,  also  called  rapid  steels,  bave  in  the  past 
fifteen  years  worked  a  remarkable  revolution  in  the  machine-shop 
business  of  the  whole  world,  affording  largely  increased  outputs  and 
commensurate  lower  costs.  As  a  consequence  they  are  now  being 
used  very  generally  and  in  some  shops  almost  exclusively  for 
machining  iron  and  steel  as  well  as  some  other  metals  by  cutting 
operations  by  machine  tools. 

The  revolutionary  feature  wherein  tools  made  of  these  steels  diflfer 
from  and  exceed  in  service  the  tools  formerly  used  is  their  ability  to 
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maintain  a  sharp  strong  cutting  edge  while  heated  to  a  temperature 
far  above  that  which  would  at  once  destroy  the  cutting  abiUty  of  a 
simple  steel  tool.  Because  of  this  property  a  tool  made  of  highnspeed 
tool  steel  can  be  made  to  cut  continuously  at  speeds  three  to  five  times 
as  great  as  that  practicable  with  other  tools,  and  when,  as  the  result 
of  the  friction  of  the  chip  on  the  tool,  it  may  be  red-hot  at  the  point 
on  top  where  the  chip  rubs  hardest,  and  the  chip  itself  may,  by  its 
friction  on  the  tool  and  the  internal  work  done  on  it  by  upsetting  it, 
be  heated  to  a  blue  heat  of  296°  C.  (565°  F.)  or  even  hotter  to  perhaps 
340°  C.  (644°  F.). 

This  property  of  red-hardness  or  ability  to  retain  hardness  at  a  red 
heat  may  be  imparted  to  steels  of  suitable  composition,  comprising 
chromium  and  timgsten,  by  a  imique  heat  treatment  to  which  they 
may  be  subjected.  This  treatment,  described  later,  was  introduced 
by  F.  W.  Taylor  and  Maunsel  White,  as  has  been  described  by  Taylor,** 
at  tho  works  of  the  Bethlehem  Steel  Co.  in  1899,  and  tools  so  treated 
were  shown  at  the  Paris  Exposition  in  1900,  where  they  naturally 
created  a  great  sensation  among  those  familiar  with  the  machining  of 
metals.  White,  when  giving  the  writer  his  first  knowledge  of  these 
tools  in  1899  or  early  in  1900,  said  that  a  young  man  in  the  Bethlehem 
shop  had  lighted  a  cigarette  with  a  newly  cut  chip,  a  statement  that 
seemed  almost  unbelievable  at  the  time. 

In  this  country  in  1913  about  7,000  tons  of  high-speed  or  rapid 
tool  steels  was  made  by  some  15  makers,  that  output  requiring  about 
8,000  tons  of  ingots. 

MANUFACTURE   OF  HIGH-SPEED  TCX)L  STEEL. 

High-speed  tool  steels  are  aU  made  by  the  crucible  or  electric- 
fumaco  process.  Except  at  one  works,  the  crucibles  or  pots  are 
made  of  graphite.  The  average  life  of  the  crucibles  or  pots  varies  in 
different  works  from  six  to  nine  melts.  Some  makers  use  day-lined 
graphite  pots  in  melting  this  steel  to  prevent  or  hinder  the  absorption 
of  carbon  from  the  pot.  The  clay  lining  is  only  one-eighth  to  three- 
sixteenths  of  an  inch  thick  and  is  sometimes  cut  through  on  the 
second  or  third  melt;  in  that  event  the  molten  steel  may  absorb  too 
much  carbon.  Other  makers  use  a  graphite  pot  twice — ^first  for  melt- 
ing other  kinds  of  steel  and  then  for  rapid  steel  when  the  inner  surface 
of  the  pot  is  somewhat  slagged  over,  because  of  which  the  absorption 
of  carbon  is  much  less  than  when  the  pot  was  new. 

The  large  producers  use  gas-fired  melting  furnaces  for  heating  the 
pots,  which  are  charged  Luto  tho  furnace  at  the  top.  Each  melting 
hole  contains  six  pots  and  each  pot  takes  a  charge  of  90  or  100  pounds. 

a  Taylor,  F.  W.,  On  the  art  of  cutting  toob:  Trans.  Am.  Soc.  Mech.  Eng.,  vol.  28, 1906,  pp.  31-350. 
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The  charge  is  melted  and  then  "killed"  in  the  usual  way  by  being 
held  30  to  40  minutes.  Such  procedure,  together  with  the  presence 
of  tlie  large  amount  of  alloy,  regularly  gives  sound  piping  steel.  If 
run  continuously  a  fumaceful  of  pots  will  be  melted  about  every 
four  hours. 

In  packing  a  pot  with  a  chaise  for  rapid  steel  the  tungsten  must  be 
placed  on  top  of  the  charge — as  with  simple  txmgsten  steel — to  guard 
as  far  as  possible  against  the  tendency  of  the  tungsten  to  settle 
because  of  its  high  specific  gravity.  That  tendency  seems  to  be  less 
with  the  rapid  steels  than  with  the  simple  tungsten  steels.  Whether 
the  chromium  of  the  former  influences  or  hinders  the  settling  of  the 
tungsten  is  conjectural. 

The  smaller  ingots,  which  are  made  from  one  pot  of  steel,  vary 
from  3|  to  5  inches  square.  The  steel  is  sometimes  teemed  directly 
into  the  mold  by  hand-pouring,  but  in  some  works  day  funnels  are 
placed  on  top  of  the  mold  to  direct  the  stream  down  the  center  of  the 
mold  to  avoid  cutting  its  wall,  as  might  happen  if  the  stream  impinged 
on  it.  Funnel  pouring  is  also  advantageous  when  two  pots  are  to  bo 
combined  to  make  a  larger  ingot,  as  the  steel  can  be  poured  into  the 
funnel  from  opposite  sides  at  the  same  time,  a  procedure  that  will 
mix  the  liquid  steel  and  give  a  more  uniform  ingot  than  when  one 
pot  follows  another,  as  in  hand  pouring  when  no  funnel  is  used. 

Some  of  the  larger  producers  of  rapid  steels  use  for  casting  a  large 
bottom-pouring  ladle  into  which  the  steel  is  poured  from  the  pots 
of  one  or  more  furnaces,  and  from  which  the  ingots  are  top-cast; 
that  is,  the  molds  are  filled  from  the  top.  This  method  presents  the 
advantages  that  (1)  the  product  is  more  uniform;  (2)  individual  pot 
charges,  which  might  not  be  of  the  prescribed  composition  or  might 
be  otherwise  unsatisfactory,  are  merged  with  the  others  without 
detriment  to  the  whole;  (3)  large  ingots  are  easily  made;  (4)  one 
analysis  serves  for  the  whole  number  of  pots;  (5)  one  test  serves  for 
the  whole  ladleful  of  steel.  It  is  a  matter  of  experience  that  com- 
plaints from  customers  became  much  less  frequent  after  the  intro- 
duction of  the  ladle  for  casting  this  steel. 

The  strong  tendency  of  rapid  steel  to  pipe  is  chocked  considerably 
in  most  plants  by  the  use  on  each  ingot  of  a  hot  "dozzler,"  which  is  a 
clay  ring  preheated  red  hot,  that  is  placed  on  the  ingot  top  and  filled 
with  molten  steel.  This  arrangement  keeps  the  top  of  the  ingot 
molten  long  enough  so  that  the  pipe  is  of  diminished  size  and  nearly 
or  quite  all  contained  within  the  part  of  the  ingot  surrounded  by  the 
dozzler.  The  proportion  of  the  ingot  to  be  rejected  on  account  of 
the  pipe  is  therefore  much  decreased.  The  molds  are  usually  closed 
at  the  bottom  end  and  are  either  made  with  parallel  walls  or  tapered  so 
that  the  ingot  is  larger  at  the  top  than  at  the  bottom.     The  molds 
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must  be  split  when  the  walls  are  parallel;  and  are  sometimes  split 
when  the  ingots  are  tapered. 

High-dpeed  tool  steel  as  cast  has  a  coarse  structure  and  dark  color 
as  compared  with  the  structure  and  color  of  simple  steels  of  the  same 
carbon  content.  A  comer  is  broken  from  the  top  of  each  ingot, 
to  show  the  grain,  and  the  ingots  when  hand-poured  directly  from 
the  pots  are  classified  by  the  eye  as  in  the  production  of  simple 
crucible  steels.  If  the  ingots  are  cast  from  the  large  ladle  a  test  is 
taken  for  analysis  which  determines  the  disposition  of  the  whole 
Iddlef  ul  of  steel. 

As  a  rule  the  ingots  show  a  strong  colunmar  structure  or  arrange- 
ment of  crystals  whose  axes  are  normal  to  the  cooling  surface.  Some 
makers  refer  to  the  structure  as  a  ''lemon  structure/'  the  crystals 
of  the  metal  being  thought  to  resemble  the  cells  forming  the  pulp 
of  a  lemon.  If  the  casting  temperature  is  lower  than  usual,  this 
lemon  structiu^  may  be  absent,  and  in  that  case  the  interior  of  the 
ingot  will  have  a  much  finer  grain  than  the  ingots  cast  at  the  usual 
higher  temperature.  The  subsequent  heating  and  working  of  the 
steel  entirely  destroys  the  crystalline  structure  of  the  ingot,  and  the 
worked  steel,  on  a  fresh  fracture,  shows  a  most  beautiful  porcelanic 
structure. 

The  ingots  run  from  3^  by  3^  inches  to  16  by  16  inches,  but  most 
of  them  are  from  5  by  5  inches  to  9  by  9  inches.  For  hot-working 
they  are  heated  in  a  furnace  chamber  having  a  temperature  of  about 
1,180°  C.  (2,156°  F.).  At  this  high  heat  the  steel  may  be  worked 
satisfactorily  under  the  hammer  or  press  and  may  be  quickly  worked 
down  to  the  dimension  desired. 

COMPOSmON   OP  HIQHH3PEED  TOOL  STEELS. 

The  tendency  of  the  makers  is  toward  a  somewhat  uniform  com- 
position as  regards  the  contents  of  the  alloying  elements,  whose 
benefits  have  become  fairly  well  known,  and  whose  use  as  a  conse- 
quence may  be  considered  as  established.  Specifically,  these  alloying 
elements  are  tungsten  and  chromium.  The  addition  of  vanadium 
and  cobalt  in  important  proportions  is  considered  by  some  makers  to 
give  distinct  improvement  to  high-speed  steel,  and  some  vanadium 
is  almost  always  present. 

The  following  analyses  are  of  steels  recently  made,  most  of  which 
are  considered  to  be  good  commercial  steels: 
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Remits  ofanalyies  ofkigh-apeed  tteels  made  in  191S  or  1914. 


Sample,  a 

C. 

Mn. 

8L 

S. 

P. 

Cr. 

W. 

V. 

Co. 

Ni. 

Mo. 

Remarks. 

A 

P.et, 
.  0.05 
.     .66 
.     .74 
.     .63 
.     .69 
.     .66 
.     .64 
.     .67 
.     .75 
.68 
.     .69 
.     .57 
.     .61 
.     .68 
.     .70 
.     .60 
.     .64 
.     .72 
.     .77 
.     .67 
.     .64 
.     .64 
.     .71 
.     .55 
.     .70 
.     .74 

P.rt. 

0.15 
.27 
.31 
.14 
.34 
.22 
.21 
.33 
.28 
.38 
.36 
.20 
.23 
.45 
.50 
.23 

2.29 
.37 
.16 
.16 
.23 
.30 
.14 
Tr. 
Tr. 
.31 

P.et. 

0.20 
.14 
.13 
.07 
.14 
.17 
.16 
.25 
.36 
.40 
.38 
.26 
.35 
.40 
.30 
.12 
.12 
.18 
.21 
.20 
.29 
.26 
.26 
.23 
.18 
.13 

P.rt. 

0.02 
.04 
.04 
.04 
.08 
.03 
.03 
.02 
.03 
.03 
.04 
.02 
.04 
.04 
.06 
.03 
.02 
.03 
.02 
.02 
.02 
.02 
.03 
.02 
.01 
.04 

P.et. 

0.03 
.05 
.02 
.05 
.04 
.02 
.03 
.02 

".63" 

".'62' 
.01 
.02 
.02 
.02 
.02 
.01 
.03 
.04 
.02 
.02 

P.et. 

4.75 

4.51 

4.20 

4.26 

5.28 

3.44 

3.30 

3.85 

4.10 

4.65 

4.67 

4.82 

4.10 

4.00 

4.08 

3.90 

4.39 

4.50 

4.05 

4.66 

4.57 

2.93 

2.97 

4.46 

4.25 

4.20 

P.et. 
17.60 
17.48 
15.63 
17.16 
16.35 
16.51 
16.06 
16.06 
19.00 
17.85 
17.90 
15.38 
17.20 
14.26 
14.50 
17.27 
16.09 
13.30 
18.64 
13.86 
19.10 
18.71 
18.21 
16.05 
15.50 
15.63 

P.et. 

0.90 

.70 

.67 

.45 

.64 

.73 

.66 

.70 

.76 

.53 

.50 

.50 

1.00 

1.09 

1.07 

.90 

.59 

2.50 

1.35 

1.08 

.54 

1.22 

.97 

..80 

.88 

.67 

P.  el. 

P.et. 

P.et. 

B-l 

B— 2 

4.22 
2.70 
3.80 
5.28 

0.17 

B-3.... 
B— 4.... 

.20 

C— 1 

C— 2 

^.02 

C— 3 

D    1 

Qood. 

D    2 

Inferior. 

D— 3.... 

Do. 

D— 1.... 

Do. 

E— 1 

Qood. 

E— 2,... 

Inferior. 
Do. 

E— 3 

E-4.,.. 

Do. 

F 

G 

.28 

H— 1 

H— 2 

I 

J— 1 

J— 2 

K-1.... 
K— 2.... 

4.72 
4.72 
2.70 

".'is* 

0.72 
.67 

•  Samples  A  to  I  represented  American  steels,  the  numerals  Indicating  different  samples  from  the  same 
maker;  sample  J  represented  an  English  steel;  sample  K  represented  a  German  steel. 

Samples  D — 1  and  E — 1  gave  excellent  results  in  a  competitive 
test,  whereas  samples  D — 2,  D — 3,  E — 2,  and  E — 3,  manufactured 
by  the  same  makers,  gave  distinctly  inferior  results  in  the  same  shop. 

The  occurrence  of  nickel  in  four  of  the  samples  may  have  been 
accidental,  having  been  due  to  nickel  in  some  of  the  scrap  steel  used 
in  the  charge.  Most  makers  now  put  in  vanadium,  and  steel  like 
that  represented  by  sample  G,  which  had  the  highest  vanadium 
content  of  all  the  samples  represented  in  the  table,  was  the  winner 
in  a  recent  competitive  test. 

The  average  specific  gravity  of  the  steels  represented  in  the  table 
was  about  8.8,  the  increase  over  the  specific  gravity  of  iron  being 
due  chiefly  to  the  tungsten  content. 

There  are  so  many  factors  beside  the  ultimate  composition  that 
affect  the  value  of  rapid  tool  steels  that  no  conclusion  can  be  drawn 
from  the  analysis  alone.  The  melting,  hot  working,  and  heat  treat- 
ment all  must  be  done  correctly  or  the  final  result  will  not  conform 
to  expectations. 

GABBON   IN   HIGH-SPEED  TOOL   STEEL. 

The  proportion  of  carbon  aimed  at  in  high-speed  tool  steels  is 
about  0.65  per  cent,  which  in  a  simple  steel  would  not  be  enough 
to  give  the  maximum  hardness  even  if  the  steel  were  heated  above 
the  critical  point  and  quenched  in  water,  and  stiU  less  so  when 
the  steel  is  cooled  as  slowly  as  these  steels  are  in  their  treatment. 
This  shows  that  the  carbon  acts  in  a  different  way  from  what  it 
does  in  simple  steels,  as  is  discussed  later. 
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TUNOSTEN   IX   HIGH-SPEED  TOOL  STEEL. 

Tungsten  is  well  established  as  a  most  important  if  not  indis- 
pensable ingredient  of  conmiercial  tool  steels,  being  almost  or  quite 
universally  used  in  quantity  therein.  The  best  proportion  of  tung- 
sten, all  things  considered,  seems  to  lie  between  16  and  20  per  cent, 
the  tungsten  content  in  95  per  cent  of  all  the  American  steels  coming 
within  these  limits.  Some  published  analyses  of  European  high- 
speed tool  steels  show  a  higher  content  of  tungsten  than  this,  but 
American  makers  generally  agree  that  any  tungsten  in  excess  of  20 
per  cent  adds  nothing  to  the  usefulness  of  the  steel,  and  they  therefore 
make  that  proportion  the  upper  limit  of  the  amount  added.  One 
effect  of  the  tungsten  is  that  the  best  percentage  of  carbon  in  rapid 
steel  is  but  about  half  that  required  in  simple  tool  steels  intended 
for  the  same  kind  of  service. 

CHKOMIUM   IN   ^IGH-SPEED  TOOL   STEEL. 

The  effect  of  chromium  in  high-speed  tool  steel,  as  in  other  steels, 
is  undoubtedly  as  a  hardener,  entering  into  the  double  carbide  of 
tungsten  and  chromium  which  gives  or  causes  the  proper  cutting 
edge.  Although  the  proportion  of  this  clement  present  in  these 
steels  varies  considerably,  it  is  always  large,  perhaps  never  less 
than  2  per  cent  or  more  than  6  per  cent  in  American  steels,  and  in 
European  steels  the  upper  limits  is  at  least  9  per  cent. 

MOLYBDENUM   IN   HIGH-SPEED  TOOL   STEEL. 

The  use  of  molybdenum  in  high-speed  tool  steels  is  being  generally 
discontinued.  Some  makers  for  years  manufactured  molybdenum 
tool  steels,  but  as  a  rule  they  have  either  wholly  discontinued  its 
use  of  use  a  much  smaller  proportion  than  formerly,  employing  it 
as  an  auxiliary  rather  than  a  major  constituent. 

The  effect  of  molybdenum  is  similar  to  that  of  tungsten,  but  is 
more  intense  in  that  1  per  cent  molybdenum  is  currently  con- 
sidered to  give  about  the  same  or  greater  hardening  effect  than 
2  per  cent  of  tungsten.     It  gives  a  fine  cutting  edge. 

Various  reasons  are  assigned  for  the  discontinuance  of  the  use  of 
molybdenum  in  these  steels.  Taylor^  found  that  molybdenum  in 
rapid  steels  caused  irregular  performance;  that  steels  of  nearly  the 
same  composition  and  having  had  seemingly  the  same  treatment 
gave  large  variations  in  the  cutting  speeds  they  would  stand.  One 
user  specifies  no  molybdenum  because  it  causes  the  tools  to  crack 
in  quenching.  A  maker  objected  to  molybdenum  because  molyb- 
denum steel  was  apt  to  be  seamy  and  to  contain  physical  imper-. 

a  Taylor,  F.  W.,  On  theart  of  outting  metals:  Trans.  Am.  Chem.  Soo.,  vol.  28, 1900,  pp.  31-350. 
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fections.  A  maker  of  ferro-alloys  umlerstands  that  molybdenum 
steel  deteriorated  upon  repeated  heating  for  dressing  and  treatment  ^ 
seemingly  because  the  molybdenum  disappeared  from  the  outer 
parts  of  the  steel  where  it  was  exposed  to  the  heat  and  where  any 
volatile  constituent  could  escape.  This  phenomenon  recalls  a  pro- 
posal of  Moissan  to  use  molybdenum  as  a  means  of  freeing  molten 
iron  of  oxygen,  as  he  foimd  that  the  oxide  of  molybdenum  was  much 
more  volatile  than  the  metal  itself.  It  may  be,  therefore,  that  the 
molybdenum  at  the  surface  is  oxidized  and  volatilized,  but  for  this 
waste  to  extend  to  any  considerable  depth  implies  cither  that  molyb- 
denum moves  through  the  heated  steel  to  reach  the  oxygen  of  the 
air,  or,  as  is  more  likely,  that  the  oxygen  of  the  air  penetrates  the 
steel,  reaching  the  molybdenum  and  oxidizing  it,  the  volatile  oxide 
escaping  from  the  steel. 

The  cost  of  molybdenum  when  its  use  was  most  general  was  much 
more  than  that  of  tungsten.  Because  of  the  falling  off  of  the  de- 
mand in  recent  years,  however,  the  price  of  molybdenum  has  fallen 
to  about  that  of  tungsten,  or  to  a  fraction  of  what  it  was  a  few  years 
ago. 

It  has  been  observed  that  in  the  Eggertz  color  determination  a 
high  molybdenum  content  (4  to  8  per  cent)  causes  "missing''  or 
invisible  carbon  when  the  content  of  latter  element  is  high  (0.4  to 
1.2  per  cent). 

VANADIUM   IN   HIGH-SPEED   TOOL   STEEL. 

Vanadium  is  used  for  high-speed  tool  steel  in  varying  amounts, 
most  makers  using  at  least  0.5  per  cetit,  although  some  nm  the 
vanadium  content  up  to  1 J  or  1 J  per  cent,  or  even  more,  considering 
that  such  an  addition  increases  in  an  important  degree  the  value 
of  the  steel  for  tools. 

The  effect  of  vanadium  is  considered  to  resemble  in  some  ways 
that  of  chromiima  in  increasing  the  hardness  or  red-hardness  of  the 
cutting  edge.  One  maker  makes  two  kinds  of  high-speed  tool  steel, 
the  essential  diflFerence  between  the  two  being  that  one  contains 
about  li  per  cent  of  vanadium  and  thereby  commands  a  higher 
price,  whereas  the  other  has  little  of  this  element,  both  kinds  being 
intended  for  substantially  the  same  service. 

High-speed  steels  containing  vanadium  are  generally  classed  as 
"superior''  steels  and  many  though  not  all  makers  and  users  con- 
sider them  distinctly  better  than  the  "standard"  steels  containing 
no  vanadium,  both  on  account  of  their  actual  cutting  qualities  at 
high  speeds  and  on  account  of  the  length  of  time  a  tool  will  cut 
before  it  needs  regrinding.  The  true  value  of  vanadium  in  rapid 
steels  must  probably  be  held  as  not  yet  fully  determined.     The 
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analyses  given  in  the  table  show  that  all  the  samples  contained 
vanadium  but  in  greatly  varying  amounts. 

COBALT   IN   HIGH-SPEED  TOOL   STEEL. 

Cobalt  now  threatens  to  change  tool-steel  manufacture  because 
of  the  properties  it  imparts.  The  recent  great  decline  in  price  fol- 
lowing the  increase  of  the  supply  from  the  silver  ores  of  the  Cobalt 
district  in  Ontario  naturally  led  to  its  trial  as  a  steel-alloying  ele- 
ment, and  some  most  excellent  high-speed  steels  containing,  in 
addition  to  the  usual  ingredients,  about  4  per  cent  of  cobalt,  have 
been  obtained.  This  result  was  hardly  to  have  been  expected  in 
view  of  the  experience  with  nickel,  which  cobalt  much  resembles, 
as  nickel  has  been  condemned  by  nearly  every  manufacturer  as  not 
being  a  desirable  ingredient  of  high-speed  tool  steels,  because  of  the 
eflFect  it  has  of  making  the  edge  soft  or  "leady."  The  cobalt  steel, 
however,  has  shown,  in  some  products  at  least,  increased  ability 
to  hold  its  edge  in  work. 

One  user  of  cobalt  steel  found  it  better  suited  for  turning  man- 
ganese steel  than  any  other  steel  he  tried,  his  success  being  so 
marked  as  to  make  it  practically  a  commercial  operation.  Man- 
ganese steel,  as  noted  elsewhere,  is  so  hard  as  to  be  considered  prac- 
tically unmachinable,  the  usual  practice  having  been  to  finish  it  by 
grinding  when  necessary.  Another  user  found  that  an  unported 
cobalt  high-speed  steel  proved  excellent  for  cutting  a  hard  nickel- 
chromium  steel  in  a  lathe,  whereas  the  same  steel  in  a  cold  saw  was 
not  satisfactory.  The  direct  reason  seemed  to  be  that  this  steel  to 
do  its  best  work  must  be  run  nearly  if  not  quite  red  hot;  at  least  that 
was  the  condition  in  which  it  was  used  in  the  lathe,  while  in  the  cold 
saw  its  temperature  was  not  raised  to  an  important  degree,  and 
when  cold  its  properties  were  different  than  when  it  was  hot.  This 
behavior  is  more  or  less  common  to  high-speed  steel  as  is  mentioned 
later. 

The  valuable  effect  of  cobalt  is  claimed  to  be  that  it  increases  the 
red-hardness  of  high-speed  tool  steel,  enabling  the  steel  to  cut  at  a 
higher  speed. 

COPPER   IN   HIGH-SPEED  TOOL   STEEL. 

Copper  has  been  considered  to  be  highly  injurious  in  high-speed 
tool  steel,  even  as  Uttle  as  0.05  per  cent  being  inadmissible;  and  it  is 
thought  to  be  particularly  harmful  if  much  sulphur  is  present  in  the 
steel;  also  the  higher  the  carbon  content  the  more  harmful  is  the 
copper. 


HIGH-SPEED  TOOL  STEELS.  61 

SULPHITB  AND  PHOSPHORUS  IN  HIOH-8PEED  TOOL  STEEL. 

Sulphur  and  phosphorus,  which  are  so  deleterious  in  simple  tool 
steels,  are  considered  to  be  somewhat  less  so  in  high-speed  steels,  in 
which  the  effect  is  either  modified  or  else  masked  by  the  large  quan- 
tities of  other  ingredients.  Some  commercial  brands  of  high-speed 
steels  have  as  much  as  0.05  per  cent  of  each  of  these  impurities,  to 
which  no  inferior  quality  is  attributable. 

STELLITE. 

SteUit^,  though  a  competitor  of  high-speed  steels,  is  not  within  the 
scope  of  our  subject,  but  a  recent  analysis  is  given  of  a  sample  for 
such  interest  as  it  may  have  in  relation  to  cutting  steels. 

Anahfsis  of  stelliu. 
Constituent.  Per  oent. 

Co ^ 59.60 

Cr 10.77 

Mo 22.50 

C. 87 

Si 77 

Mn 2.04 

8 084 

P 040 

Fe 3.11 

W 0 

Ni 0 


99. 684 
HEAT  TREATMENT  OF  HIGH-SPEED  TOOLS. 

The  heat  treatment  given  to  high-speed  steels  for  the  commoner 
uses  as  lathe  and  planer  tools  has  generally  been  simplified  to  heating 
to  incipient  fusion  and  quenching  in  oil.  Cooling  by  an  air  blast  and 
double  treatment,  which  were  formerly  recommended,  are  now  not 
common,  except  that  a  second  (drawing)  heating  is  given  to  milling 
cutters  and  similar  tools,  the  temperature  imparted  to  the  tool 
depending  on  the  material  to  be  cut. 

The  treatment  is  usually  done  by  the  blacksmith  who  heats  the 
tool  in  his  forge  fire  and  then  immerses  it  in  a  tank  containing  enough 
oil  so  that  its  temperature  does  not  rise  materially.  Ten  gallons  of 
oil  is  a  common  quantity  to  use  when  the  size  and  number  of  the 
tools  is  moderate,  as  in  most  shops.  The  fire  is  a  deep  compact  coal 
fire,  the  coal  in  the  center  where  the  tool  is  heated  being  pretty 
thoroughly  coked,  that  is,  most  of  its  volatile  matter  distilled  out. 
This  manner  of  heating  has  the  advantage  that  free  oxygen  does  not 
get  at  the  tool  to  oxidize  it,  but  its  environment  is  nonoxidizing  or 
even  reducing,  owing  to  the  presence  of  an  excess  of  burning  carbon 
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surrounding  the  tool.  Any  flame  is  more  or  less  oxidizing,  at  least 
unless  heavily  charged  with  smoke  or  free  carbon,  and  a  piece  of  steel 
heated  directly  by  a  flame  as  in  the  ordinary  heating  chamber  of  a 
furnace  is  Ukely  to  be  somewhat  oxidized  on  its  surface,  the  depth 
to  which  the  oxygen  penetrates  varying  according  to  the  conditions, 
particularly  the  temperature,  the  access  of  air,  and  the  length  of  time. 
Heating  in  a  muffle  will  also  result  in  oxidizing  the  steel  unless  ex- 
traordinary precautions  are  taken  to  keep  out  oxygen  or  to  consume 
all  that  enters.  The  temperature  of  quenching,  usually  about  1 ,  260*^  C. 
(2,300®  F.),  is  determined  by  the  fusion  of  the  scale  and  its  visible 
collection  into  drops  or  beads  on  the  siuiace  of  the  tool. 

Quenching  is  done  by  quickly  plunging  the  heated  tool  into  the 
oil  as  soon  as  it  has  reached  the  desired  temperature  and  moving 
it  about  in  the  oil  until  cold.  Cooling  in  oil  is  thought  by  some  to 
give  a  better  tool  than  coohng  in  the  air  blast,  one  reason  seemingly 
being  the  protection  of  the  steel  from  free  oxygen  yhile  it  is  hot 
enough  to  be  oxidized  thereby.  The  oxygen  of  the  air  blast  forms  a 
scale  of  oxide  on  the  hot  steel  and  the  oxygen  probably  penetrates 
the  metal  below  the  scale  to  some  extent,  injuring  the  quality  as 
deep  as  it  goes.  A  tool  on  its  second  grinding  when  the  oxidized 
metal  is  removed  may  then  give  better  service  than  on  the  first, 
unless  the  first  grinding  has  for  that  reason  been  heavy  enough  to 
remove  the  oxidized  metal. 

In  some  shops,  however,  the  original  treatment  recommended 
by  Taylor  and  White  <*  is  given,  the  cutting  edge  of  the  tool  being 
heated  to  incipient  fusion  and  then  immersed  in  a  bath  of  melted 
lead  at  about  Ses""  C.  (1050*"  F.).  The  heatmg  is  done  in  a  small 
furnace  over  a  deep  coke  fire,  blown  by  an  air  blast,  so  that  the 
environment  of  the  tool  while  being  heated  is  substantially  non- 
oxidizing.  Flames  of  carbonic  oxide  play  out  of  the  openings 
through  which  the  tools  are  inserted,  indicating  little  if  any  free 
oxygen  within.  In  these  shops,  however,  milling  cutters  and  other 
tools  that  are  machined  to  a  particular  form  are  treated  by  heating 
them  to  a  shghtly  lower  temperature,  in  order  not  to  damage  the 
cutting  edges,  and  then  plunging  them  into  cold  oil. 

When  cooled  to  the  temperature  of  the  lead  it  is  taken  out  and 
placed  in  an  air  blast  to  complete  the  cooling.  Some  tools  desired 
to  be  especially  tough  so  as  not  to  break  in  service  are  given  a  second 
heating  to  565°  C.  and  then  cooled  in  the  open  air  or  air  blast  if  saving 
time  is  important. 

Rapid  steel  when  well  annealed  will  bend  considerably  without 
breaking,  even  in  as  large  a  section  as  2  J  by  1 J  inches,  the  bending 
being  edgewise,  as  in  a  tool  at  work. 

a  Taylor,  F.  W.,  On  the  art  of  catting  metals:  Trans.  Am.  Soc.  Mech.  Eng.,  vol.  28, 1906,  p.  228. 
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Gledhill^  found  that  one  of  these  steels  after  having  been  annealed 
12  to  18  hours  at  760°  C.  (1400°  F.)  had  a  tensility  of  129,200  pounds 
per  square  inch,  an  elastic  limit  of  89,600  pounds  per  square  inch, 
an  elongation  of  18  per  cent  in  2  inches,  and  a  contraction  of  area 
of  35  per  cent.  The  ductility  is  rather  high  and  would  enable  a  tool 
to  be  bent  considerably  without  breaking.  Such  annealed  steel  may 
be  rather  easily  machined  for  making  milling  cutters  and  other 
shapes  that  require  machining. 

Carpenter  *  found  that  the  higher  the  teinperaturo  from  which 
rapid  steel  is  cooled  the  more  it  resisted  etching  for  metallographic 
work.  He  also  found  that  no  tempering  change  occurred  when  it 
was  reheated  at  a  temperature  of  less  than  560°  C.  (1022°  F.)  to 
a  visible  red  in  the  dark,  indicating  a  stabihty  that  is  doubtless 
the  cause  of  its  property  of  red  hardness. 

Whether  a  rapid  steel  is  made  harder  by  the  heat  treatment  given 
it  depends  somewhat  on  the  condition  *of  the  bar  before  treatment. 
If  it  has  previously  been  annealed,  the  treatment  hardens  it,  whereas 
heat  treatment  may  not  harden  a  piece  in  the  natural  state.  Taylor  * 
found  that  some  tools  having  useful  red  hardness  could  be  filed 
rather  readily.  Edwards^  on  the  other  hand  found  treated  high- 
speed steels  to  be  exceedingly  hard — as  hard  as  any  steel  could  be 
made  by  quenching.  Gledhill*  foimd  that  high-speed  steel  was 
good  for  turning  chilled  rolls  which  are  extremely  hard  and  require 
to  cut  them  the  hardest  kind  of  tool. 

Trials  on  window  glass  of  a  number  of  different  rapid  steels  showed 
that  the  cutting  edge  of  some  but  not  of  all  would  scratch  it.  The 
same  was  true  of  the  untreated  ends  of  the  same  tools,  as  some 
would  and  some  would  not  scratch  the  window  pane. 

The  hardness  of  the  steel  when  cold  is  not  the  determining  factor 
of  usefulness  in  any  case.  It  is  the  hardness  when  heated  under 
conditions  of  work. 

The  cutting  edge  of  a  rapid-steel  tool  at  work  is  probably  never 
as  hot  as  the  metal  just  back  of  it,  where  the  heating  caused  by  the 
friction  of  the  chip,  as  it  is  deflected  and  rubs  hard  on  the  tool,  is 
most  intense.  The  edge  itself  is  kept  relatively  cool  by  the  cold 
metal  flowing  upon  it. 

A  Gledfaill,  J.  M.,  The  development  and  use  of  high-speed  tool  steel:  Jour.  Iron  and  Steel  Inst.,  pt.  2, 
19M,  pp.  127-181. 

*  Carpenter,  H.  C.  H.,  The  types  of  stnictore  and  the  critical  ranges  on  heating  and  cooling  of  high- 
speed tool  steels  nnder  varying  thermal  treatment:  Jour.  Iron  and  Steel  Inst.,  pt.  1 ,  1905,  pp.  433-473. 

c  Taylor,  F.  W.,  On  the  art  of  cutting  metab:  Trans.  Am.  Soc.  Mech.  Eng.,  vol.  28, 1906,  pp.  31-3^. 

'  Edwards,  C.  A.,  Function  of  chromium  and  tun^ten  in  high-speed  tool  steel:  Jour.  Iron  and  Steel 
Inst,  pt  2, 1908,  pp.  104-132. 

<Gledhil],J.  M.«loc.cit. 
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TIOCOBT  OF  HIOHH3FEED  STEELS. 

Carpenter  '  found  the  heating  and  cooling  curves  of  a  rapid  steel 
to  be  radically  different  from  each  other,  and  also  that  the  cooling 
curve  when  the  steel  was  cooled  from  930°  C.  (1706°  F.)  was  greatly 
different  from  that  when  the  steel  was  cooled  from  1250°  C.  (2282°  F.). 
When  the  steel  was  cooled  from  930°  C.  the  curve  had  an  abrupt 
jog,  which  showed  a  great  retardation  in  rate  of  cooling  occurring 
between  700°  C.  and  750°  C.  (1292°  F.  to  1382°  F.).  The  jog  did  not 
occur  when  the  steel  was  cooled  from  1250°  C,  320°  higher,  the  line 
representing  variations  in  rate  of  cooling  being  nearly  straight. 
The  rate  of  cooling  to  get  these  curves  was  slow  or  at  least  not  accel- 
erated, and  one  can  not  say  what  the  curves  would  be  like  if  the 
rate  of  cooling  were  hastened,  as  in  quenching,  but  the  curves  obtained 
seem  to  throw  much  hght  on  the  question.  The  property  of  red 
hardness  seems  to  be  connected  with  the  elimination  of  the  great 
retardation  mentioned. 

The  following  explanation,  based  on  the  work  of  Carpenter"  and 
Eidwards  ^,  of  the  properties  of  high-speed  steels,  seems  to  be  helpful 
or  even  satisfactory: 

Their  researches  on  the  heating  and  cooling  of  these  steels  have 
shown  that  such  steels  have  an  extraordinary  stability  of  composi- 
tion after  they  have  been  heated  to  1,200°  C.  (2,192°  F.)  or  more,  and 
that  a  second  heating  of  550°  C.  (1,022°  F.)  has  no  softening  or  draw- 
ing effect.  It  seems  fairly  evident  that  red-hardness  depends  on  or 
is  the  natural  result  of  these  facts. 

At  a  temperature  higher  than  1,200°  C.  (2,192°  F.)  a  double  car- 
bide of  chromium  and  tungsten  is  formed,  which  persists  largely 
even  when  the  steel  is  cooled  slowly  as  in  the  open  air,  and  more  so 
when  cooUng  is  accelerated.  This  double  carbide  imparts  to  the 
steel  a  high  degree  of  hardness  and  is  stable  at  all  temperatures  up 
to  550°  C.  (1,022°  F.)  or  somewhat  higher.  At  550°  C.  the  steel  has 
a  low  red  color  visible  in  the  dark. 

If  the  above  theory  be  true  then  at  a  temperature  of  1,200*^  C. 
(2,192°  F.)  the  chromium  and  tungsten  must  have  a  stronger  affinity 
for  carbon  than  iron  has,  whereas  at  lower  temperatures,  say  from 
around  930°  C.  down  to  the  critical  point,  the  affinity  of  carbon  for  iron 
is  slightly  stronger  than  that  of  either  chromiiun  or  tungsten  or  both, 
and  the  carbon  then  exists  wholly  or  in  part  as  carbide  of  iron,  or  a 
complex  carbide  of  iron  with  one  or  both  of  the  other  elements. 

Carbide  of  iron,  or  hardening  carbon  which  causes  the  hard  condi- 
tion of  iron  in  simple  steel  that  has  been  quenched  from  a  tempera- 
ture higher  than  the  critical  point,  is  unstable  at  even  slight  eleva- 
tions of  temperature  above  atmospheric  temperature,  its  unstable- 

•  Oupenter,  H.  C.  H.,  loc.  cit.  ft  Edwards,  C.  A.,  loo.  dt. 
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ness  increasing  with  the  degree  of  heat,  though  not  being  propor- 
tional thereto.  Boynton  **  has  shown  that  between  400°  C  (752®  F.) 
and  500®  C.  (952®  F.)  the  amount  of  change  and  consequent  softening 
is  much  greater  than  at  other  temperatures;  either  lower  or  higher. 
The  proportion  of  carbon  in  rapid  steel  should  perhaps  be  only  as 
much  as  will  combine  with  the  chromium  and  txmgsten  at  1,200®  C. 
(2,192®  F.)  and  leave  none  to  exist  as  unstable  hardening  carbon  of 
hardened  simple  steel. 

TESTINO  AND   USIKO  HIOH-SPEED   STEEL. 

A  reliable  and  inexpensive  method  of  quickly  testing  high-speed 
steels  to  show  their  value  is  much  needed,  as  Taylor  ^  has  explained. 
Herbert^  and  Edwards'^  have  used  and  recommended  machines  and 
methods  that  lessen  the  time  and  trouble  of  testing,  but  no  test 
seems  to  take  the  place  of  a  trial  at  actual  work  because  the  per- 
formance of  a  tool  in  one  line  of  work  with  certain  conditions  may 
not  be  foretold  positively  by  its  performance  in  another  with  different 
cx>nditions.  Among  the  reasons  are  that  (1)  sometimes  greater 
durability  is  obtained  by  changing,  that  is,  increasing  or  lessening, 
the  speed  of  the  cut,  thus  changing  also  the  temperature  of  the  tool 
or  (2)  a  given  tool  when  used  at  its  best  speed  may  be  excellent  for 
cutting  a  certain  material,  yet  prove  inferior  to  another  tool  for  cut- 
ting a  different  material.  Thus  if  selected  as  the  best  by  trial  for 
cutting  a  0.20  per  cent  carbon  steel  it  may  be  surpassed  by  others  in 
cutting  a  0.70  per  cent  carbon  steel. 

Physical  tests  of  rapid  steels  at  different  temperatures  up  to  800® 
C.  (1,472®  F.)  are  needed  to  show  the  effect  of  heat  on  the  physical 
properties  of  those  steels.  New  uses  would  probably  be  suggested 
bv  the  results  of  such  a  series  of  tests. 

A  rapid-steel  tool  does  not  finish  the  piece  being  cut  as  nicely  as 
does  a  simple  steel  tool,  as  the  rapid  steel  does  not  keep  a  fine  edge 
with  a  light  cut  and  slow  speed  of,  say,  20  feet  per  minute.  The 
durability  of  such  a  tool  taking  a  light  cut  is  much  greater  at  a  higher 
cutting  speed,  at  which  the  tool  is  hotter,  showing  that  the  strength 
or  the  toughness  of  the  steel  or  both  are  augmented  by  the  higher 
temperature.  Unhardened  simple  steels  with  0.6  to  0.7  per  cent 
carbon  get  stronger  but  less  ductile  with  a  rise  of  temperature  up  to 
about  300®  C.  (572®  F.).  If ,  as  the  temperature  rises,  high-speed 
steels  get  stronger  without  loss  of  ductihty  but  perhaps  with  an  in- 

•Bojnton,  H.  C,  Hardness  of  the  oonstttuentsof  iron  and  steel:  Jour.  Iron  and  Steel  Inst.,  1906,  p.  287. 
*  Taylor,  F.  W.,  On  the  art  of  cutting  metals:  Trans.  Am.  Ifech.  Eng.,  vol.  28,  IQOC,  pp.  31-350. 
c  Herbert,  E.  G.,  The  testing  of  files  and  tool  steels:  Trans.  Manchester  Assn.,  Eng.,  1908-1909,  pp.  302-317. 
'  Edwards,  E.  T.,  Composition  of  high-speed  tool  steel:  Iron  Age,  vol.  80,  April,  1912,  pp.  957-960. 
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crease,  within  limits  of  course,  a  physical  reason  for  their  great  dura- 
bility is  provided. 

In  1910  Herbert*  announced  the  discovery  that  any  rapid-steel 
tool  and  some  simple  steel  tools  may  have  two  rather  widely  sepa- 
rated cutting  speeds  at  which  the  tool  is  more  durable  than  at  speeds 
above,  below,  or  between.  Thus  out  of  many  cases  described,  one  tool 
cooled  in  an  air  jet  had  nearly  equal  maximum  durability  at  two 
speeds — 50  and  90  feet  per  minute,  whereas  at  65  feet  the  durability 
was  less  than  one-half  of  that  at  either  of  the  other  speeds.  This 
discovery  no  doubt  accounts  for  some  of  the  anomalies  encountered 
in  tool  steels  as  well  as  other  steels  the  properties  or  performances  of 
which  are  not  what  would  be  expected  from  their  composition  and 
other  attributes.  Thus  a  tool  may  be  condemned  when  an  increase  of  ' 
its  cutting  speed  would  cause  it  to  give  satisfactory  service  and 
durabiUty. 

Rapid  steel  will  do  its  best  cutting  when  hot.  A  desirable  practice 
followed  in  some  shops,  is  to  heat  a  tool  to  near  redness  before  put- 
ting it  to  work. 

MACHINE-TOOL  DESIGN. 

When  Taylor  and  White  first  introduced  rapid  steels  it  was  thought 
that  the  higher  cutting  speeds  afforded  constituted  the  sole  benefit 
to  be  derived  from  them,  and  as  the  higher  speeds,  although  con- 
suming more  power  about  in  proportion  to  the  increase  in  speed, 
did  not  increase  materially  the  stresses  on  the  machine  tools,  it  was 
thought  that  the  latter  merely  needed  to  be  speeded  up  in  order  to 
get  the  full  benefit  from  the  new  steels.  But  it  was  soon  found  that 
the  rapid  steels  in  addition  to  cutting  at  higher  speeds  were  capable 
of  taldng  much  heavier  cuts,  which  proportionately  increased  the 
stresses  on  the  tools.  To  take  full  advantage  of  the  heavier  as  well 
as  the  more  rapid  cuts,  machine  tools  were  generally  redesigned  to 
provide  the  greater  strength  required,  and  were  supplied  with  pro- 
portionately more  power.  The  resulting  economies  all  over  the  world 
have  been  enormous. 

The  advantages  from  the  use  of  rapid  steels  as  compared  with  the 
use  of  simple  tool  steels  are  in  the  lessened  costs  of  the  ordinary  oper- 
ations of  finishing  iron  and  steel  because  of: 

1.  More  rapid  cutting  speed. 

2.  Heavier  chips  cut,  hence  larger  cuts  and  feeds. 

3.  Saving  of  power  per  unit  of  metal  cut  off. 

4.  Lower  cost  of  plant  for  a  given  output. 

5.  Lower  general  and  overhead  charges  connected  with  manu- 
facturing iron  and  steel  products. 

a  Herbert,  E.  O.,  The  cutting  properties  of  tool  steel:  Jour.  Iron  and  Steel  Inst.,  1910,  pt.  1,  p.  216. 
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PATENTS   ON  HIGH-SPEED   STEELS. 

Since  the  original  Taylor  and  White  patents  for  treatment  of  high- 
speed steels  were  issued  in  1901,  others  have  been  granted  for  almost 
every  possible  combination  of  elements  which  were  in  any  way 
thought  to  be  useful  or  valuable  constituents  of  tool  steel.  Chro- 
mium and  tungsten  were  generally  included^  though  not  always. 
Nevertheless  most  makers  now  aim  at  substantially  the  same  foim- 
dation  composition,  with  varying  amounts  of  vanadium  and  some- 
times with  cobalt. 

MISCELLANEOUS   USES   OF  HIGH-SPEED  STEELS. 

An  important  use  for  highspeed  steel  is  in  the  exhaust  valves  for 
automobile  engines,  where  it  has  given  excellent  results.  These 
valves  operate  sometimes  at  a  red  heat  and  seemingly  the  property 
of  red-hardness  that  the  steel  possesses  enables  it  to  give  good  service 
in  these  valves. 

High-speed  steel  is  being  used  also  in  the  manufacture  of  extruded 
brass  to  form  the  die  through  which  the  extruded  metal  is  forced. 
The  temperature  of  the  brass  is  high,  near  its  fusion  point,  and 
seemingly  the  red-hardness  of  the  steel  enables  the  steel  to  perform 
this  service  satisfactorily. 

A  good  file  or  a  good  cold  chisel  may  be  made  of  rapid  steel,  but 
they  are  not  good  enough  to  justify  their  cost  as  compared  with 
those  made  of  simple  steels. 
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CHBOMTDH-VANADITTM  STEELS. 

Chromium-vanadium  steels,  usually  called  in  the  trade  chrome- 
yanadium  steels,  are  the  latest  development  in  structural  alloy  steels 
that  have  gained  an  extensive  market.  In  1913  about  90,000  tons 
of  ingots  is  thought  to  have  been  made,  of  which  about  75,000  tons 
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was  sold  in  rolled  and  forged  products.  These  steels  are  almost  all 
made  in  the  open-hearth  furnace;  the  chromium  and  vanadium  alloys 
being  added  shortly  before  casting. 

The  hot  working  of  chrome-vanadium  steels  presents  no  especial 
difficulties.  The  total  amount  of  alloying  elements  is  not  large  in  the 
commercial  grades,  and  the  steel  acts  in  the  press  and  rolls  much  like 
simple  steels  with  somewhat  higher  carbon  contents. 

C^ut)me- vanadium  steels  are  in  their  physical  properties  much  like 
chrome-nickel  steels,  but  they  have  a  greater  contraction  of  area  for 
a  given  elastic  limit  than  the  latter. 

This  higher  contraction  of  area  in  the  pulling  test  seems  in  some 
way  to  be  associated  with  machinability,  as  chrome-vanadium  steel 
with  an  elastic  limit  of  150,000  poimds  per  square  inch  may  be 
machined  rapidly,  whereas  a  chrome-nickel  steel  having  such  an 
elastic  limit  would  quickly  dull  the  cutting  tool  if  cut  at  the  same 
speed. 

The  greater  part  of  the  chrome-vanadimn  steels  made  goes  into 
automobiles.  They  are  preferred  by  some  because  of  their  greater 
freedom  from  surface  imperfections,  notably  seams,  which  steels  con- 
taining nickel  are  prone  to  have  if  the  ingots  are  at  all  imsound. 
Vanadium  is  a  deoxidizer,  whereas  nickel  is  not,  so  that  vanadium, 
when  present,  favors  quality,  and  the  smaller  proportion  required 
enables  it  to  compete  with  nickel  even  though  its  cost  is  five  or  six 
times  as  great. 

Chrome-vanadium  steels  are  nearly  always  used  in  the  heat-treated 
condition,  but  there  are  exceptions  even  in  automobiles,  as  some  frames, 
forgings,  and  shafts  are  made  of  the  steel  in  its  natural  state.  When 
heat-treated  these  steels  are  both  hardened  and  drawn  at  slightly 
higher  temperatiu*es  than  are  used  with  nickel-chromium  steels  to 
get  similar  properties.  These  temperatures  are  given  in  the  table 
of  heat-treated  chrome-vanadium  steels. 

Some  chrome-vanadium  steel  is  said  to  be  used  in  armor  plate  of 
medium  thickness  (4  inches),  which  is  not  face-hardened  but  has 
high  properties  imparted  by  heat  treatment.  Some  such  steel  is 
used  in  high-duty  forgings  and  structural  parts  of  machines. 

Composition  and  properties  of  ckrome-vanadium  steels  in  natural  state. 
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Compotition  and  properties  of  drome-vmtodium  sUtl*  mheiU-lrtaledttaU. 
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EXAUPLB   OF   8ATI8FACTOET   U8B   OF   CHBOME-VANADIUM   STKEL. 

A  hydroelectric  plant  had  shafts  6)  inches  in  diameter,  which 
transmitted  3,000  kw.  each  at  480  revolutions  per  minute,  and  all 
broke  in  service.  The  shafts  were  made  of  untreated  nickel  steel 
having  an  elastic  limit  of  about  40,000  pounds  per  square  inch. 
To  make  stronger  shafts  by  increasing  their  size  not  being  practi- 
cable, other  shafts  were  made  under  the  specification  that  the  elastic 
limit  of  the  steel  should  be  at  least  105,000  pounds  per  square  inch,  its 
contraction  of  ares  40  per  cent,  and  its  ball  hardness  uniform  within 
5  per  cent.  Shafts  to  meet  such  quaUfications  were  made  of  chro- 
mium-vanadium steel  containing  0.33  per  cent  C,  0.54  per  cent  Mn, 
0.022  per  cent  P,  0.030  per  cent  S,  0.89  per  cent  Cr,  and  0.24  per 
cent  V.  The  ingot,  wtiich  was  30  by  25  inches  in  aoctioD,  was  rolled 
to  an  18  by  18  inch  bloom  or  billet,  and  the  shafts  were  forged 
therefrom.  The  shafts  were  heat-treated,  and  a  test  from  one  of 
them,  about  the  average  of  all  those  made,  pulled  at  Watertown 
Arsenal  on  a  2-inch  by  0.506  diameter  section,  gave  results  as  follows: 

RetudU  of  tetta  of  heat-trmUd  cAnmu-vatuidtum  tbxl  shaft. 
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These  shafts  met  the  specifications  and  proved  satisfactory  in 
service. 
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KECOVEBINO  ALLOYED  ELBICENTS. 

As  the  alloying  elements  of  alloy  steels  are  all  more  valuable  than 
iron,  some  of  them  very  much  so,  makers  of  alloy  steels  wish,  of  course, 
to  save  such  elements  in  their  alloy-steel  scrap,  if  practicable  without 
too  great  cost.  The  makers  can  save  tungsten,  copper,  nickel,  and 
cobsJt,  each  of  which  has  an  affinity  for  oxygen  and  a  heat  of  com- 
bustion with  oxygen  less  than  the  similar  properties  of  iron;  however, 
the  makers  can  not  at  present  save  the  manganese,  silicon,  vanadium, 
titaniimx,  calcium,  magnesium,  and  chromium,  each  of  which  has 
an  affinity  for  oxygen  and  a  heat  of  combustion  greater  than  the 
similar  properties  of  iron.  Plans  have  been  proposed  for  saving 
some  of  them.  Saving  a  part  of  these  oxidizable  elements  in  rework- 
ing the  scrap  is  in  some  instances  of  no  benefit,  because  in  replacing 
the  wasted  part  by  the  addition  of  a  fresh  quantity  of  the  ferro-alloy 
saturated  with  carbon  there  will  be  too  much  carbon  in  the  finished 
steel.  This  is  particularly  true  of  manganese  in  manganese-steel 
scrap.  The  carbon  in  the  aUoynsteel  scrap  is  protected  from  oxidation 
hy  the  alloying  element  while  the  latter  is  being  oxidized.  With  low- 
carbon  alloy  available  the  case  is  different,  as  the  content  of  carbon 
in  the  steel  may  then  be  controlled. 

CEBITTM  PYEOFHOBIC  ALLOY. 

The  pyrophoric  metal  used  on  cigar  lighters  and  for  igniters  in 
mmer's  lamps  might  be  considered  as  an  alloy  steel,  as  it  consists 
substantially  of  30  per  cent  of  iron  with  70  per  cent  of  cerium.  It 
was  patented  by  Welsbach,  whose  name  is  identified  with  the  Wds- 
bach  light.  The  striker  is  of  the  grade  of  hardened  file  steel  with 
about  1.50  per  cent  carbon.  The  detached  particles  of  the  cerium- 
iron  alloy  take  fire  in  the  air,  ignition  being  quickened  no  doubt 
by  the  heat  generated  in  the  impact  of  the  striker. 
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Further  advance  in  the  development  of  new  alloy  steels,  as  well 
as  many  new  applications  of  those  alloy  steels  already  established, 
are  to  be  expected.  Trials  are  continually  being  made  of  new 
alloys  of  promise,  some  of  which  will  doubtless  win  place  in  the 
list  of  useful  alloy  steels.  Hadfield's  iron  alloy  containing  5  per 
cent  manganese  and  15  per  cent  nickel;  although  not  at  present 
of  use,  may  become  so  in  the  future,  as  its  properties  are  rather 
remarkable. 

As  some  of  the  alloys  in  steel,  as  well  as  any  heat  treatment  it 
may  have  received,  affect  the  carbon  contained  so  that  its  effect 
in  the  color  determination  is  changed,  the  regular  practice  in  some 
steel-works  laboratories  is  to  make  all  carbon  determinations  gravi- 
metrically  by  direct  combustion  of  the  whole  sample  with  oxygen. 
This  procedure  avoids  the  uncertainties  and  errors  of  the  color 
determination  in  analyzing  heat-treated  alloy  steels. 
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PREFACE. 


This  bulletin  is  the  fourth  of  its  kind  to  be  published  by  the  Bureau 
of  Mines,  the  three  preceding  being  Bulletin  61;  Bulletin  79,  and 
Bulletin  90. 

The  wide  demand  for  the  information  contained  in  these  bulletins 
has  led  the  bureau  to  decide  to  issue  similar  bulletins  with  sufficient 
frequency  to  keep  resaonably  current  the  records  of  decisions  of 
Federal  and  State  courts  of  last  resort  on  questions  relating  to  the 
mineral  industry. 

The  bureau  will  gladly  welcome  and  consider  any  siiggestions 
looking  to  improvement  in  the  matter  contained  in  these  bulle- 
tins or  the  manner  in  which  it  is  presented.  The  purpose  of  the 
bulletins  will  continue  to  be  to  improve  directly  or  indirectly  mining 
conditions  and  to  promote  the  health  and  safety  of  miners  by  the 
prompt  publication  of  decisions,  and  to  this  end  it  is  desired  that  the 

bulletins  reach  all  persons  who  are  interested. 

J.  A.  Holmes. 
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ABSTRACTS  OF  CURRENT  DECISIONS  ON  MINES  AND  MINING, 

OCTOBER,  1914,  TO  APRIL,  1915. 


By  J.  W.  Thompson. 


MINERALS  AND  MINERAL  LANDS. 


MINERALS — OWNERSHIP  AND  POSSESSION. 

The  owner  of  minerals  under  a  conveyance  from  the  surface  owner 
does  not  lose  his  right  or  his  possession  by  mere  nonusage  of  the 

minerals. 

McBeth  V.  Wetnight  (Indiana),  106  Northeastern,  407,  p.  410,  October,  1914. 
QUIETING   TFTLE   TO   MINERALS — PLEADING. 

A  complaint  in  an  action  to  quiet  title  to  minerals  and  to  the  min- 
eral rights  in  certain  land  is  insufficient  in  the  absence  of  a  direct 
allegation  of  possession,  although  it  avers  that  the  plaintiff  from  the 
time  of  receiving  the  conveyance  assessed  the  mineral  interest  for 
taxes  each  year  and  paid  the  taxes  thereon  and  exercised  various  acts 
of  ownership  of  such  mineral  interests,  in  that  he  caused  test  pits  to 
be  dug  on  the  land  for  the  purpose  of  exploring  the  minerals  and 
ascertaining  their  quality  and  extent,  in  going  upon  the  land  and 
looking  after  them  from  time  to  time,  and  that  he  accompanied  or 
caused  his  agents  to  accompany  prospective  purchasers  of  such 
mineral  interests  and  exhibited  the  same  to  such  prospective  pur- 
chasers in  efforts  to  sell  them. 

Fowler  v.  Alabama  Iron  &  Steel  Co.  (Alabama),  66  Southern,  672,  p.  673,  Novem- 
W,  1914. 

SALE   BY   MARRIED   WOMAN — VALIDITY. 

A  conveyance  by  a  married  woman  of  the  mineral  rights  in  certain 
described  land  is  void  where  she  had  previously  conveyed  the  land 
to  another  grantee  who  had  acquired  title  by  adverse  possession 
under  the  deed. 

Big  Sandy  Coal  Co.  v.  Ramey  (Kentucky),  172  Southwestern,  508,  p.  511,  January, 

i°15.  ♦ 


2  DECISIONS  ON   MINES  AND  MINING. 

SALE   AND  CONVEYANCE. 
EFFECT  OF  COVENANTS   OP  WARRANTY. 

A  warranty  deed  executed  by  a  person  having  an  equitable  title 
to  coal  and  minerals  described  and  conveyed  in  the  deed  transfers 
to  the  grantee  the  legal  title  afterwards  acquired. 

ShrewBbeny  v.  Pocahontas  Coal  &  Coke  Co.,  219  Fed.,  142,  p.  147. 

widow's   right  to   convey  MINERALS. 

Mines  opened  and  worked  at  any  time  during  coverture  are 
subject  to  the  widow's  dower;  but  there  is  no  dower  right  in 
unopened  mines,  and  a  widow  has  no  right  to  mine  coal  otherwise 
than  as  subservient  to  a  comfortable  enjoyment  of  her  life  estate,  and 
a  sale  or  commercial  use  of  minerals  under  such  circumstances  is  an 
act  of  waste  and  lessens  the  estate  of  the  remainderman,  and  for  that 
reason  is  not  permissible. 

Kentucky  River  Consolidated  Coal  Co.  v.  Frazier  (Kentucky),  170  Southwestem, 
986,  p.  988,  December,  1914. 

BREACH   OF   COVENANTS — POSSESSION — LlABILriY   FOR  PRICE. 

A  purchaser  of  mining  property  who  takes  a  deed  therefor  with 
covenants  of  warranty  and  takes  possession  under  such  deed  can  not, 
while  holding  possession  of  the  land,  defend  against  the  payment  of 
his  note  given  for  the  purchase  price  as  for  a  total  f ailtire  of  considera- 
tion ;  but  he  is  Umited  in  his  defense  to  the  damages  he  has  suffered  by 
reason  of  the  breach  of  the  warranty  of  title. 

Carter  v.  Butler  (MisBOuri),  174  Southwestern,  399  p.  404,  March,  1915. 
RESERVATION   OF  RENTS   AND  ROYALTIES — EFFECT   AND   EXTENT. 

A  conveyance  by  a  landowner  containing  a  reservation  to  the  effect 
that  if  his  wife  survived  him  she  was  *'to  receive  one-half  of  all  rents 
from  off  the  place,  from  all  resotirces  whatsoever/'  gives  to  the  widow 
the  right  to  receive  rents  and  royalties  from  mines  that  were  open  and 
operated  on  the  land  at  the  time  the  conveyance  was  made;  and  the 
words  ^^all  resources  whatsoever'*  necessarily  include  such  mines^ 
and  the  grantor  intended  that  the  widow  should  share  equally  not 
only  in  the  income  from  the  mines  but  in  all  other  income  and  pro- 
ceeds from  the  farm,  regardless  of  the  manner  and  form  of  payment, 
or  the  name  by  which  it  might  be  designated. 

Saulsberry  v.  Saulsberry  (Kentucky),  172  Southwestern,  932,  p.  933,  February,  1915. 
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STJBFACE   AND  MINEBAI4S--OWNEBSHIP  AND   SEVEBANCE. 
SEPARATION   OF  MINERAL   AND   SURFACE    ESTATES. 

A  conveyance  by  a  landowner  of  the  underlying  coal  with  the 
privilege  of  mining  and  removing  the  same  from  imder  the  land, 
effects  a  severance  of  the  right  to  the  surface  from  the  right  to  such 
underlying  coal;  and  when  these  rights  are  so  severed  by  conveyance 
the  presumption  that  the  party  having  possession  of  the  surface  has 
possession  of  the  subsurface  also  no  longer  prevails. 

McBeth  V.  Wetnight  (Indiana).  106  Northeastern,  407,  p.  410,  October,  1914. 

RESERVATION    OF  MINERALS. 

A  deed  conveying  lands  and  excepting  therefrom  all  coal  or  other 
minerals  or  mineral  waters,  sufficiently  manifests  an  intent  to  except 
the  minerals  in  the  land  from  the  operation  of  the  deed  and  such  a 
reservation  of  a  proper  subject  matter  of  an  exception  is  in  law  an 
exception  though  incapable  of  operation  as  a  reservation,  since  it 
expresses  an  unequivocal  intent  not  to  part  with  the  thing  reserved. 

Freudenberger  Oil  Co.  v.  Simmons  (West  Virginia),  83  Southeastern,  995,  p.  988, 
December,  1914. 

CONVEYANCE   OP  MINERALS — IMPLIED   RIGHT   TO   MINE. 

A  grant  of  minerals  imder  the  surface  of  the  land  by  the  owner  of 
the  surface  implies  the  right  to  mine  such  minerals  by  the  sinking  of 
shafts  or  boring  of  tunnels  and  the  removal  of  minerals  through  such 
openings. 

Himrod  v.  Fort  Pitt  Mining  &  Milling  Co.,  220  Fed.,  80,  p.  82,  January,  1915. 
GRANT    OF    MINERALS RIGHT    TO    OPERATE    ROADS    UPON    SURFACE. 

A  grant  by  a  lando^er  of  ihe  underlying  minerals  implies  the  right 
to  construct  and  operate  roads  and  tram  and  railway  tracks  upon 
the  surface  for  the  use  of  the  mine,  to  build  air  shafts,  erect  machinery, 
store  water  for  the  use  of  engine,  and  in  general  to  do  that  which  is 
reasonably  necessary  for  the  use  of  the  thing  granted;  and  it  is  not 
requisite  to  an  imphed  grant  that  there  be  absolute  physical  neces- 
sity for  the  right  demanded. 

Himrod  v.  Fort  Pitt  Mining  &  Milling  Co.,  220  Fed.,  80,  p.  82,  January,  1915. 
SEVERANCE — EFFECT  OF  ADVERSE   POSSESSION. 

Where  there  has  been  a  severance  by  deed  of  the  surface  of  land 
from  the  underlying  mineral  the  possession  of  the  surface  for  more 
than  20  years  does  not  carry  with  it  the  possession  of  such  minerals 
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beneath  the  surface;  and  where  such  surface  owner  seeks  to  estab- 
Ush  title  to  the  underlying  minerals  by  adverse  possession  as  against 
one  holding  the  legal  title  to  such  minerals  ho  must  prove  possession 
of  the  minerals  as  such  independent  of  his  surface  possession. 

McBeth  V.  Wetnight  (Indiana),  106  Northeaatem,  417,  p.  410,  October,  1914. 
XrrLE  TO   MINERALS — ^ADVERSE  POSSESSION. 

Where  there  has  been  an  actual  vaUd  severance  by  deed  or  by 
adverse  possession  of  the  title  to  the  surface  and  the  title  to  the  min- 
erals underneath,  a  mere  cessation  of  the  working  or  operation  of  a 
mine  on  the  land  by  the  owner  thereof,  or  mere  nonusage  of  the 
mineral,  will  not  deprive  the  owner  of  the  mineral  of  his  right  thereto 
or  his  possession  thereof.  To  effect  this  there  must  be  more  than  an 
abandonment  or  nonusage  by  the  owner  of  the  particular  mine,  and 
the  proof  must  show  an  abandonment  or  disseizin  of  his  possession 
of  the  mineral  right,  before  the  owner  of  the  surface  can  ripen  a  title 
to  such  underlying  minerals  by  adverse  possession. 

McBeth  V.  Wetnight  (Indiana),  106  Northeastern,  407,  p.  411,  October,  1914. 
TITLE — ^ADVERSE   POSSESSION   OP  MINERALS. 

It  is  essential  in  order  to  effect  adverse  possession  of  minerals,  after 
severance  in  title  from  the  surface,  that  the  adverse  claimant  do  some 
act  or  acts  evincing  a  permanency  of  occupation  and  use,  as  distin- 
guished from  acts  merely  occasional,  desultory,  or  temporary  acts, 
that  are  suitable  to  the  enjoyment  and  appropriation  of  the  minerals 
so  claimed,  and  hostile  to  the  rights  of  the  owner;  but  the  mere 
possession  of  the  surface  after  such  severance  does  not  give  title  to 
the  minerals. 

Birmingham  Fuel  Co.  r.  Boshell  (Alabama),  67  Southern,  403,  p.  404,  December, 
1914. 

ADVERSE    POSSESSION   OF   SLTIFACE — EFFECT   OF   MINERALS. 

After  severance  of  mineral  in  place  from  the  surface,  the  possession 
of  the  surface  is  not  possession  of  the  minerals,  as  the  effect  of  the 
severance  is  to  create  two  closes  adjoining  but  separate,  and  under 
such  circumstances  the  acquisition  of  title  to  the  surface  by  adverse 
possession  of  the  surface  does  not  result  in  the  acquisition  of  title 
to  the  mineral  interest  in  the  land. 

Birmingham  Fuel  Co.  v.  Boahell  (Alabama),  67  Southern.  403,  p.  404,  December, 
1914. 

TITLE  TO   MINERALS   NOT  LOST   BY   NONU8AOE. 

A  person  in  the  possession  of  the  surface  land  is  presumed  to  have 
possession  of  the  subsoil  also;  but  when  by  conveyance  or  reservation 
a  separation  has  been  made  of  the  ownership  of  the  surface  from  that 
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of  the  minerals  below  the  surface,  the  owner  of  the  former  can  acquire 
no  title  to  the  latter  by  his  exclusive  and  continued  enjoyment  of  the 
surface;  nor  does  the  owner  of  the  minerals  lose  his  right  of  possession 
by  any  length  of  nonusage;  but  to  lose  his  right  he  must  be  disseized, 
and  there  can  be  no  disseizin  by  an  act  which  does  not  actually  take 
the  minerals  out  of  his  possession. 

Shrewsbury  v.  Pocahontas  Coal  &  Coke  Co.,  219  Fed.,  142,  p.  147. 
POSSESSION   OF   SURFACE — EFFECT   ON    UNSEVERED   MINERALS. 

Possession  under  a  general  warranty  deed  of  a  tract  of  land 
described  therein  is  the  possession  of  all  the  elements  of  the  land  and 
of  everything  underneath  the  surface,  unless  the  mineral  products 
have  therefore  been  separated  from  the  ownership  of  the  surface  by 
a  previous  conveyance. 

Big  Sandy  Coal  Co.  v.  Raxncy  (Kentucky),  172  Southweatem,  508,  p.  610,  January, 

1915. 

MINERAL  AND  AGRICULTURAL  LANDS. 

The  act  of  August  30,  1890  (26  Stat.,  391),  limited  the  amount  of 
land  to  be  acquired  by  any  one  person  to  320  acres  in  the  aggregate; 
and  the  subsequent  act  of  March  3,  1891  (26  Stat.,  1095,  p.  1101), 
expressly  limited  the  maximum  amount  of  320  acres  that  could  be 
acquired  by  any  one  person  to  agricultural  lands,  and  has  no  applica- 
tion to  lands  entered  or  sought  to  be  entered  under  mineral  lands 
laws. 

Shenk  v.  Aumiller,  217  Fed.,  969,  p.  972. 

GRANT     OF     TUNNEL     RIGHT — IMPLIED     RIGHT     TO     DEPOSrT     TUNNEL 

WASTE   ON    SLTIFACE. 

There  are  obvious  degrees  of  necessity  for  the  use  of  the  surface  in 
the  conduct  of  subterranean  operations,  from  the  absolute  necessity 
of  sinking  shafts  or  making  other  entrances  to  the  mineral,  to  the 
practical  necessities  of  business  operations,  such  as  the  placing  of 
steam  engines  and  machinery  at  the  mouth  of  the  entrances,  or  con- 
structing ponds  of  water  to  supply  the  engines,  of  laying  and  operat- 
ing railways  or  tramways  to  bring  in  supplies  and  to  carry  out  the 
ore,  of  storage  of  minerals  on  the  surface  pending  sale,  of  assembling 
houses,  stores,  and  shops  for  the  use  of  miners,  and  such  uses  are 
implied  in  the  grant  if  necessary  to  the  operation  of  the  property: 
and  under  this  rule  a  grant  of  a  right  to  bore  or  construct  a  tunnel 
may  imply  the  right,  as  a  reasonanle  necessity,  to  use  the  surface  for 
the  deposit  of  waste  and  dfibris,  brought  from  the  tunnel  or  shaft;  but 
such  nece3sity  is  to  be  determined  as  a  question  of  fact  from  the  cir- 
cumstances of  each  particular  case. 

Himrod  v.  Fort  Pitt  Mining  &  Milling  Co.,  220  Fed.,  80,  p.  83,  January,  1915. 
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RIGHT  TO  DEPOSIT  TUNNEL  REFUSE  ON  SURFACE — QUESTION  OF  FACT. 

Under  a  grant  of  a  right  to  construct  a  tunnel  for  mining  purposes, 
where  the  mouth  of  the  tunnel  was  located  at  an  elevation  of  some 
10,000  feet  above  the  sea  level  and  upon  a  steep  mountain  side,  and 
where  it  appeared  that  the  owner  of  the  surface,  the  grantor  of  the 
tunnel  right,  had  long  used  the  surface  as  a  place  of  deposit  for 
similar  refuse  brought  from  his  own  mine  and  from  his  portion  of 
the  same  tunnel,  the  question  of  the  reasonable  necessity  of  the  right 
of  the  tunnel  grantee  to  deposit  the  timnel  refuse  and  dfibris  on  the 
surface  is  a  question  of  fact  and  not  of  law. 

Himrod  v.  Fort  Pitt  Mining  &  Milling  Co.,  220  Fed.,  80,  p.  84,  Jamiary,  1915. 

COAL  AND  COAL  LANDS. 

FRAUDULENT   ACQUISITION   UNDER  HOMESTEAD   LAWS. 

The  fact  that  lands  are  located  in  a  well-known  coal  region  and 
generally  reputed  to  be  coal  lands,  and  where  an  extensive  and 
expensive  tunnel,  slope,  and  other  openings  upon  the  lands  had 
disclosed  that  they  contained  coal  of  such  quality  and  quantity  as  to 
render  them  valuable  for  coal  mining,  and  where  a  prospective  pur- 
chaser from  the  patentee  caused  the  lands  to  be  examined  by  an 
engineer,  who  found  and  reported  the  tunnel  and  other  openings 
disclosing  the  coal,  is  sufficient,  as  persuasive  evidence  at  least,  to 
charge  such  purchaser  with  notice  or  knowledge  of  the  fraud  of  the 
patentee  in  obtaining  coal  lands  imder  homestead  law. 

Washington  Securities  Co.  v.  United  States,  234  U.  S.,  76,  p.  78. 

OPTION   TO   PURCHASE — CONSTRUCTION. 

The  owner  of  certain  described  coal  lands  gave  to  another  an  option 
to  purchase  such  land,  reserving  to  himself  5  acres  of  the  surface  and 
describing  such  5  acres  as  the  part  thereof  which  had  been  in  cultiva- 
tion and  extended  back  from  the  river  front  in  such  form  as  to 
include  buildings,  and  stipulating  that  the  boundaries  of  the  5-acro 
tract  were  to  be  definitely  located  within  60  days  from  the  date  of  the 
instrument;  but  the  failure  of  the  owner  to  fix  the  boimdaries  of  the 
5-acre  tract  within  the  60  days  did  not  amount  to  a  conveyance  or  an 
abandonment  thereof  to  the  optionee,  as  such  an  option  is  not  Uke  an 
exception  from  a  deed  which  would  be  construed  to  convey  the 
whole  land  regardless  of  the  attempted  reservation,  though  the 
condition  was  fully  compHed  with  as  against  the  rights  of  the  optionee, 
where  the  boundaries  of  the  5-acre  tract  were  definitely  fixed  before 
the  time  the  optionee  was  entitled  to  a  deed  under  the  option 
contract. 

Roiise  V.  Rlverton  Coal  &  Development  Co.  (Oregon),  142  Pacific,  343,  p.  344. 
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AGSEEMENT   RELATING  TO  COAL  IN  PLACE. 

A  contract  r^arding  coal  in  place  may  be  a  sale  absolute,  a  con- 
ditional sale,  a  lease  in  the  ordinary  acceptation  of  that  term,  or  a 
mere  license  to  mine  or  remove  the  mineral. 

Gerard  TniBt  Co.  v.  Delaware  &  HudBon  Co.  (Pennsylvania),  92  Atlantic,  129,  p. 
130.  July,  1914. 

CONTRACT   FOR  COAL   LANDS — SPECIFIC  PERFORMANCE. 

Specific  performance  of  an  agreement  by  which  an  owner  of  the 
surface  and  other  rights  of  coal  lands  agreed  to  deed  the  surface  and 
such  rights  to  a  corporation  to  be  formed  and  of  which  the  grantor 
should  be  one  of  the  corporators  can  not  be  defeated  by  proof  of 
alleged  representations  as  to  the  dividends  the  corporation  would 
probably  declare,  the  profits  that  would  be  derived  from  the  business, 
as  these  are  mere  matters  of  opinion  and  the  failure  of  such  expecta- 
tions to  be  realized  in  a  speculative  venttire  is  no  reason  for  refusing 
specific  performance  where  the  other  party  has  furnished  the  capital 
and  performed  all  the  conditions  of  the  contract  on  his  part. 

Bartley  v.  Big  Branch  Coal  Co.  (Kentucky),  169  Southwestern,  601,  p.  602,  October, 

1914. 

TITLE  TO  COAL — ^ADVERSE   POSSESSION. 

Subsequent  to  a  severance  by  deed  of  the  surface  and  underlying 
coal,  the  grantees  imder  a  deed  sufiicient  to  give  color  of  title  to  the 
entire  real  estate,  took  actual  possession  therexmder  of  the  real  estate 
and  of  a  mine  being  operated  thereon,  such  possession  while  it  con- 
tinued extended  to  the  coal  imder  the  entire  tract  conveyed  as  well 
as  to  the  surface,  and  if  continued  for  the  required  period  would  have 
developed  into  an  absolute  title  to  all  the  coal  under  the  tract  con- 
veyed; but  the  subsequent  abandonment  of  the  mine  broke  the  con- 
tinuity of  possession  and  thereby  defeated  the  title  to  the  coal  by 
adverse  possession  as  against  the  person  holding  the  legal  title  of  the 
coal  under  a  former  conveyance. 

McBeth  V.  Wetnight  (Indiana),  106  Northeastern,  407,  p.  410,  October,  1914. 
SURFACE  OWNERSHIP  NOT  ADVERSE   TO   MINERAL  RIGHTS. 

The  possession  of  the  surface  owner  of  land  is  not  adverse  to  the 
title  of  the  owner  of  coal  and  minerals  beneath  the  surface;  but  such 
surface  possession  may  inure  to  the  benefit  of  the  owner  of  the 
underground  mineral. 

Sbrewabnry  v.  Pocahontas  Coal  &  Coke  Co.,  219  Fed.,  142,  p.  147. 
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SEVERANCE   OF  OWNERSHIP — RESERYAtlONS  IN  DEED. 

A  deed  describing  land  as  containing  25  acres,  more  or  less,  the 
surface  only,  with  the  coal  and  mineral  excepted,  and  with  such  excep- 
tions as  have  heretofore  been  conveyed  away,  plainly  imports  a 
previous  conveyance  of  the  coal  and  minerab  in  the  land  and  shows  a 
complete  severance  of  the  surface  and  minerals. 

Shrewsbury  v.  Pocahontas  Coal  &  Coke  Co.,  219  Fed.,  142,  p.  146. 

LIFE  ESTATE  IN  SURFACE — EFFECT  ON  COAL. 

A  deed,  by  which  the  grantor  purported  to  convey  a  designat^jd 
tract  describing  the  same  by  metes  and  bounds  without  making  any 
reference  to  the  coal  thereunder,  where  the  grantor  at  the  time  of  the 
conveyance  held  imder  a  deed  conveying  to  her  a  life  estate  only 
in  the  surface,  and  there  had  been  no  determmation  as  to  the  extent 
of  her  interest  in  the  coal,  conveys  a  life  estate  only  and  does  not  pass 
to  the  grantee  any  interest  ia  the  coal  under  the  land  described. 

Dotson  V.  Norman  (Kentucky),  169  Southwestern,  527,  p.  530,  September,  1914. 
RESTRICTION  AOAINST   ALIENATION   OF   COAL. 

Under  a  deed  by  which  a  father  conveyed  to  his  son  certain  coal 
lands  in  consideration  that  the  grantee  keep  and  maintain  the  grantor 
and  his  wife  during  their  natural  lives,  and  containing  a  provision 
that  the  second  parties  shall  not  sell  or  convey  said  land  during  the 
lifetime  of  the  granted  without  his  consent,  the  grantees  can  not, 
during  the  lifetime  of  the  grantor  and  without  his  consent,  sell  and 
convey  the  coal  underlying  the  said  tract  of  land,  as  such  restriction 
applies  as  much  to  the  underlying  coal  as  to  the  surface  itself. 

Pond  Creek  Coal  Co.  v.  Runyon  (Kentucky),  170  South weetem,  501,  p.  503,  Novem- 
ber, 1914. 

Kentucky  River  Consolidated  Coal  Co.  v.  Frazier  ^Kentucky),  170  Southwestern, 
986,  p.  987,  December,  1914. 

CONVEYANCE    OF    COAL    IN    VIOLATION    OF    RESTRICTIONS TnXE. 

A  purchaser  of  coal  underlying  a  certain  tract  of  land  is  not  an 
innocent  purchaser  for  value  where  the  deed  to  his  grantor  expressly 
provided  that  such  grantor  should  not  sell  the  underlying  coal  within 
the  lifetime  and  without  the  consent  of  such  original  grantor,  and  the 
mere  delay  of  the  original  grantor  to  assert  the  invalidity  of  the  con- 
veyance of  the  coal  by  his  grantee  will  not  defeat  his  right  where  the 
grantee  of  the  coal  received  no  title  to  the  coal  because  the  convey- 
ance was  in  violation  of  the  provisions  of  the  original  conveyance. 

Pond  Creek  Coal  Co.  v.  Runyon  (Kentucky),  170  Southwestern,  501,  p.  503,  Novem- 
ber, 1914. 
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MINERAL.  CHARACTER  DETERMINED  BY  LAND  DEPARTMENT. 

An  investigation  and  determination  by  the  Land  Department  of 
the  mineral  character  of  land  on  an  application  for  entry  of  land 
under  the  timber  and  stone  act  is  conclusive,  and  a  patent  issued 
thereon  will  not  be  vacated  or  canceled  on  the  ground  of  fraud  on 
proof  of  the  subsequent  discovery  of  coal. 

United  States  v.  Primrose  Coal  Co.,  216  Fed.,  553,  p.  557. 
FRAUDULENT    RESERVATION     OF     MINERALS RIGHTS     OF    CREDITORS. 

The  fact  that  a  corporation  sold  a  large  tract  of  land  to  an  ignorant 
n^ro  and  fraudulently  reserved  to  itself  in  the  deed  of  conveyance 
the  coal  and  oil  imderlying  the  land  does  not  authorize  or  justify  a 
creditor  of  the  grantor,  who  subsequently  recovered  a  judgment  against 
the  grantor  corporation,  levying  upon  and  selling  the  estate  in  the 
coal  and  oil  so  fraudulently  received,  though  there  has  been  no  refor- 
mation of  the  deed,  where  the  creditor  of  the  grantor  had  no  lien 
upon  the  land  and  credit  was  not  extended  to  him  on  the  faith  of  the 
reservation  in  the  deed  and  where  it  does  not  appear  whether  the 
debt  was  created  before  or  after  the  execution  of  the  deed. 

Hyden  v.  Calamea  (Kentucky),  171  Southwestern,  186,  p.  187,  December,  1914. 
POWER   OF   COURT  TO   SELL   COAL   ESTATE   OF   INFANT. 

Under  the  statute  of  Kentucky  a  court  may  order  the  sale  of  any 
interest  in  land  owned  by  an  infant,  whether  legal,  equitable,  vested, 
or  contingent,  and  under  this  statute  a  court  may  order  the  sale  of 
coal  under  the  land  of  an  infant  without  selling  the  surface;  but  a 
court  is  not  justified  in  ordering  the  sale  of  the  mineral  rights  of  an 
infant  and  giving  the  purchaser  such  rights  in  the  surface  as  to  destroy 
the  value  of  the  remaining  estate,  and  where  the  purchaser  would 
acquire  such  rights  in  the  surface  as  would  make  it  impossible  for 
the  owner  to  sell  the  surface  except  at  a  great  sacrifice. 

Hays  V.  Wicker  (Kentucky),  171  Southwestern,  447,  p.  448,  December,  1914. 

STONB  LANDS. 

EFFECT  OF  SUBSEQUENT  DISCOVERY  OF  COAL. 

The  timber  and  stone  act  (20  Stat.,  89)  requires  that  when  any 
valuable  deposit  of  gold,  silver,  cinnabar,  copper,  or  coal  are  knowTi 
to  exist  on  the  land  sought  to  be  entered  under  such  act,  the  entry- 
man  is  only  required  to  state  such  fact  "  as  deponent  verily  believes,*' 
and  a  patent  issued  thereon  will  not  be  vacated  on  proof  of  subse- 
quent discovery  of  coal  where  before  the  patent  was  issued  an  inves- 
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tigation  was  had  as  to  the  mineral  character  of  the  land  and  a  special 
agent  was  sent  to  personally  examine  the  land  and  after  such  exam- 
ination reported  that  it  was  chiefly  valuable  for  timber  and  stone. 

United  States  v.  Primrose  Coal  Co.,  216  Fed.,  553,  p.  557. 

OIL  AND   OIL  LAin>&-SALB   AND   CONVETANCB. 
WrrnDRAWAL  order  valid  as  against  subsequent  OIL  LOCATIONS. 

The  withdrawal  order  of  the  President  of  September  27,  1909, 
known  as  the  ''Temporary  petroleum  withdrawal  No.  5,"  by  which 
an  area  aggregating  over  3,000,000  acres  in  California  and  Wyoming, 
containing  petroleum  deposits,  was  withdrawn  from  acquisition  under 
the  mining  laws,  is  valid  and  binding  as  against  subsequent  oil 
locations. 

United  Stotes  v.  Midwest  Oil  Co.,  236  U.  S.,  — ,  Febraary  23, 1915. 

TITLE — EFFECT   OF    WITHDRAWAL   ORDER. 

The  withdrawal  order  of  September  27,  1909,  was  ineffective  as 
against  a  completed  oil  location  and  upon  which  the  locator  had 
expended  a  large  sum  of  money  and  had  discovered  oil  before  the 
passage  of  the  act  of  June  25,  1910  (36  Stat.,  847). 

United  States  v,  McCutchen,  217  Fed.,  «60,  p.  655. 

OIL   LOCATIONS — EFFECT   OF   SL'BSEQUENT   LOCATIONS. 

Subsequent  oil  locations  made  for  the  purpose  of  protectmg  and 
strengthening  the  original  location  can  not  be  regarded  as  fraudulent, 
though  made  in  whole  or  m  part  by  persons  who  had  no  intention  of 
claiming  the  land  or  any  interest  in  it  for  themselves. 

United  States  v,  McCutchen,  217  Fed.,  650,  p.  654. 

possessor's  right  to  oil  and  gas. 

Under  the  Louisiana  Civil  Code  the  right  of  a  possessor  in  good 
faith  to  the  benefit  of  the  fruits  of  the  land  until  it  is  claimed  by  its 
owner  does  not  permit  such  possessor  to  extract  the  mineral,  oil,  and 
gas  from  the  land  and  retain  the  proceeds;  and  the  word  "products" 
as  used  in  the  code  is  synonymous  with  fruits. 

Elder  v.  EUerbe  (Louisiana),  135  Louisiana,  — ,  66  Southern,  337,  November,  1914. 

TERMINATION   OF   ESTATE. 

A  conveyance  by  deed  of  the  oil  and  gas  in  and  under  a  certain 
tract  of  land,  in  consideration  of  the  payment  of  a  certain  stated  sum, 
and  upon  condition  for  the  payment  to  the  grantor  of  another  stated 
sum  or  reconveyance  to  him  of  the  oil  and  gas  within  90  days  after 
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the  completion  of  a  well  on  the  premises,  or  payment  of  another 
stated  sum  within  two  years  from  the  date  of  the  deed  and  payment 
of  a  stipulated  purchase  price  or  reconveyance  after  the  completion 
of  the  well,  but  subsequent  to  the  expiration  of  such  two-year  period, 
is  conditional  also  upon  the  completion  of  such  well  within  two  years 
after  the  expiration  of  the  two-year  period  expressly  provided  in  the 
deed;  and  the  estate  granted  ipso  facto  ceased  on  the  expiration  of 
four  years  without  completion  of  a  well,  even  though  the  last  stated 
payment  was  made  as  contemplated. 

Philadelphia  Co.,  etc.,  v.  Underwood  (West  Virginia),  83  Southeastem,  905,  Decem- 
ber, 1914. 

PIPE   LINE  ACT — CONSTirunONALITT. 

The  Hepburn  Act,  regulating  pipe  lines,  deals  with  commerce 
among  the  various  States,  and  the  fact  that  oils  transported  belong 
to  the  owner  of  the  pipe  line  is  not  conclusive  against  the  transporta- 
tion being  such  commerce. 

Pipe  Line  Oases,  In  re,  234  U.  S.,  548,  p.  560. 

PIPE   LINE OPERATION   FOR   PRIVATE   USE. 

When  an  oil  company  is  simply  drawing  oil  from  its  own  wells 
across  a  State  line  to  its  own  refinery  for  its  own  use  and  nothing 
more,  it  does  not  fall  within  the  description  of  the  Hepburn  Act  regu- 
lating pipe  lines,  the  transportation  in  such  case  being  merely  an 
incident  to  its  use  at  the  end. 

Pipe-Line  Oasee,  In  re,  234  U.  S.,  548,  p.  561. 

PIPE   LINES — STATUTORY   REGULATIONS. 

The  Hepburn  Act  was  intended  to  reach  the  combination  of  pipe 
lines  by  which  the  Standard  Oil  Co.  owned  and  controlled  either  all 
or  a  large  part  of  the  stock  of  the  New  York  Transit  Co.,  the  National 
Transit  Co.,  and  the  Ohio  Oil  Co.,  and  the  National  Transit  Co.,  which 
m  turn  owned  nearly  all  the  stock  of  the  Prairie  Oil  &  Gas  Co. ;  but  the 
provisions  of  the  act  are  to  apply  to  any  persons  engaged  in  the 
transportation  of  oil  by  means  of  pipe  lines;  and  the  words  "who 
shall  be  considered  and  held  to  be  common  carriers  within  the  mean- 
ing and  purpose  of  this  act"  are  not  intended  to  cut  down  the  gen- 
eraUty  of  the  previous  declaration  and  mean  that  only  those  shall  be 
held  Gonmion  carriers  under  the  act  who  were  common  carriers  in  a 
technical  sense;  and  while  the  act  does  not  compel  them  to  continue 
in  operation,  it  does  require  them  not  to  continue  except  as  common 
carriers.  The  purpose  of  the  act  was  to  bring  within  its  scope  pipe 
hnes  that,  although  not  technically  common  carriers,  yet  were  car- 
iers  of  oils  offered,  if  only  the  offerers  would  sell  at  their  price. 

Pipe-Line  CMee,  In  re,  234  U.  S.,  548,  p.  569. 
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EMINENT  DOMAIN. 

APPROPRIATION   OF  LAND — TITLE  TO   MINERALS. 

Eminent  domain  being  an  attribute  of  sovereignty  unlimited  by  the 
Constitution,  the  State  may,  through  its  legislature,  in  the  exercise 
of  its  high  prerogative,  authorize  a  pubhc-service  corporation  to  take 
any  estate  in  land  dictated  *by  its  sovereign  will;  and  under  the  ex- 
press terms  of  the  statute  of  West  Virginia  a  railroad  company,  by 
condemnation  and  compliance  with  all  the  provisions  of  the  law, 
takes  an  estate  in  fee  simple  absolute  in  the  land  taken,  including  the 
oil  and  gas  and  other  minerals  in  and  under  the  same. 

Hays  V.  Walnut  Creek  Oil  Co.  (Weet  Virginia),  83  Southeastern,  900,  p.  901,  Decem- 
ber, 1914. 

PBIVATE   PROPERTY — PRIVATE    WAYS   OF   NECESSITY. 

The  constitution  of  Arizona  provides  that  private  property  shall 
not  be  taken  for  private  use  except  for  private  ways  of  necessity,  or 
for  drains  or  flumes  on  or  across  the  lands  of  others  for  mining  and 
other  stated  purposes;  but  the  legislature  has  given  no  definition 
for  the  term  '* private  ways  of  necessity"  and  the  courts  can  not,  in 
the  absence  of  such  a  definition  by  the  lawmaking  body,  define  what 
shall  constitute  private  ways  of  necessity,  and  accordingly  a  court 
can  not  say  that  a  tunnel  extended  from  one  group  of  mining  claims 
to  another  through  an  intervening  mining  claim  privately  owned, 
is  a  "private  way  of  necessity/'  that  may  bo  appropriated  for  mining 
purposes. 

Inspiration  Consolidated  Copper  Co.  v.  New  Keystone  Copper  Co.  (Arizona),  144 
Pac.,  277,  p.  279,  November,  1914. 

APPROPRIATION  OF  PRIVATE  PROPERTY  FOR  MINING  PURPOSES. 

The  constitution  of  Arizona  authorizes  the  legislature  to  enact 
legislation  providing  for  the  condemnation  of  private  property  for 
private  use,  to  wit,  private  ways  of  necessity,  and  for  drains,  flumes, 
or  ditches,  on  or  across  the  lands  of  others  for  mining  purposes,  and 
the  private  use  for  which  property  may  be  appropriated  need  not  in 
any  sense  be  a  public  use. 

Inspiration  Consolidated  Copper  Co.  v.  New  Keystone  Copper  Co.  (Arizona),  144 
Pac,  277,  p.  279,  November,  1914. 

APPROPRIATION   OP   RIGHT  OP   WAY — ^DAMAGES. 

In  appropriation  proceedings  by  a  railroad  company  for  land  for 
a  right  of  way  it  is  not  proper  in  estimating  damages  to  take  into  con- 
sideration a  large  tract  of  coal  land  not  contiguous  to  the  tract  or 
tracts,  parts  of  which  were  taken  for  the  right  of  way. 

Buchannon  &  Northern  Railroad  Co.  v.  Great  Scott  Coal  &  Coke  Co.  (West  Vireinia), 
83  Southeastern,  1031,  p.  1035,  December,  1915. 
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DAMAGES  FOR  APPROPRIATION  OF  LAND — BURDEN  OF  PROOF. 

In  proceedings  for  the  appropriation  of  the  surface  of  coal  lands  for 
a  right  of  way  for  a  railroad,  the  owner  of  the  land  is  entitled  to  the 
value  of  the  land  taken  at  the  time  of  taking  and  to  damages  to  the 
residue,  deducting  special  but  not  general  benefits,  and  in  neither  case 
has  the  owner  the  burden  of  showing  general  benefits;  but  the  burden 
is  upon  the  landowner  to  prove  the  value  of  the  land  taken  and  the 
damages  to  the  residue,  while  the  burden  is  upon  the  railroad  com- 
pany to  prove  special  benefits  in  order  to  lessen  the  damages. 

Bnchannon  &  Northern  Railroad  Co.  v.  Great  Scott  Coal  &  Coke  Co.  (West  Virginia), 
S3  Sontheastem,  1031,  p.  1038,  December,  1915. 

APPROPRIATION  OF  LAND  FOR  HIGHWAY — BRIGHT  TO  SECOND  WAY. 

The  Statute  of  Iowa  provides  that  any  person  or  corporation  owning 
or  leasing  any  lands  not  having  a  public  or  private  way  thereto  may 
have  a  public  way  to  any  railway  station,  street,  or  highway  estab- 
lished over  the  land  of  another;  and  provides  also  that  any  owner, 
lessee,  or  possessor  of  lands  having  coal  or  other  minerals  thereon, 
who  has  paid  the  damages  assessed  for  roads  established  as  provided, 
may  construct,  use  and  maintain  a  railway  thereon  for  the  purpose  of 
reaching  and  operating  any  mine  on  such  land  and  of  transporting  the 
products  thereof  to  market;  and  this  gives  the  person  or  corporation 
named  his  choice  as  between  a  highway  and  the  railway  connection 
and  no  limitation  is  put  upon  his  use  of  such  way  as  he  may  acquire 
and  he  may  use  it  as  a  wagon  way  or  railway,  or  both;  but  having 
acquired  the  one  or  the  other  he  can  not  condemn  for  outlet  purposes; 
and  accordingly  a  coal  company  having  a  private  way  from  its  coal 
mine  and  lands  to  a  pubUc  highway,  is  not  entitled  to  condemn  a  right 
of  way  for  a  raiboad  switch  in  addition  to  its  private  way. 

Fiaher  V.  Maple  Rock  Goal  Co.  (Iowa),  151  Northweetem,  823,  p.  824,  March,  1915. 

MINING  TERMS. 

APPLIANCES. 

Motor  trucks  in  the  main  haulageway  of  a  coal  mine  constitute  an 
appUance  for  the  removal  of  coal. 

Jaggie  V,  Davis  Colliery  Co.  (West  Viiginia),  84  Southeastern,  941,  p.  942,  April, 
1915. 

APPLIANCES   OF  TRANSPORTATION. 

Appliances  of  transportation  as  applied  to  a  coal  mine  include  the 
motor  tracks,  roadbed,  cars,  and  motors  used  for  the  removal  of  coal 
from  the  mine. 

Jaggie  V,  Davis  Colliery  Co.  (West  Viiginia),  84  Southeastern,  941,  p.  942,  April, 
1915. 
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BLOCKHOLER. 

A  blockholer  in  a  mine  is  a  person  whose  duty  it  is  to  break  up  and 
reduce  to  safe  and  convenient  size,  by  blasting  or  otherwise,  any 
large  blocks  or  pieces  of  rock  that  have  been  blown  down  by  the 
miners;  and  in  the  prosecution  of  the  work  his  duty  is  to  go  from  one 
level  of  a  nune  to  another  in  the  territory  assigned  to  him,  following 
up  the  work  of  the  miners,  looking  for  and  breaking  up  such  pieces, 
and  in  connection  with  that  work  starting  them,  as  well  as  other 
large  pieces,  which  can  be  moved  without  breaking,  down  the  incline 
to  where  the  trammers  can  conveniently  handle  them,  and  at  times 
when  these  duties  are  performed  he  also  passes  down  dirt  and  works 
the  material  toward  the  place  of  loading  the  cars  to  facilitate  the 
work  of  the  trammers. 

Mesich  v.  Tamarack  Mining  Co.  (Michigan),  151  Northwestern,  564,  p.  563,  March, 
1915. 

CAP. 

A  "cap"  is  a  square  piece  of  plank  or  block  wedged  between  the 
top  of  posts  and  the  roof  of  a  mine  the  better  to  hold  the  roof. 

Big  Branch  Coal  Co.  v.  Wrenchie  (Kentucky),  170  Southweetem,  14,  p.  16,  Novem- 
ber, 1914. 

CUT. 

The  word  "cut"  may  have  a  meaning  other  than  that  employed 
in  mining,  but  when  it  is  used  in  conjunction  with  "shaft"  and 
"drift"  it  means  a  surface  opening  in  the  ground  intersecting  a 
vein,  and  is  never  intended  to  apply  to  a  ditch  or  trench  temporarily 
open  for  the  purpose  of  laying  sewer  pipe. 

McLaughlin  v.  Bardsen  (Montana),  145  Pacific,  956,  January,  1915. 

"dead   MAN." 

A  "dead  man"  m  a  mine  is  a  wooden  block  used  to  guard  the 
mouth  of  a  mine  against  runaway  cars. 

Connors  Weyman  Steel  Co.  r.  Kilgore  (Alabama),  66  Southern,  609,  p.  612,  Novem- 
ber, 1914. 

GASOLINE. 

Gasoline  is  a  colorless,  inflammable  fluid,  the  first  and  highest 
distillant  of  crude  petroleum,  representing  the  lightest  portions  of 
crude  oil,  is  extracted  from  it  by  distillation;  and  being  the  most 
volatile  component  of  petroleum,  it  readily  separates  from  it  and  in 
the  process  of  distillation  is  the  oil  drawn  off  at  the  lowest  tempera- 
ture. 

Locke  V.  Ruasell  (West  Viiginia),  84  Southeastern,  948,  p.  950,  April,  1915. 
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GAS   WELL. 

The  words  "gas  well"  used  in  an  oil  and  gas  lease  mean  a  well 
ha-v-ing  such  a  pressure  and  volume  of  gas,  taking  into,  account  its 
proximity  to  market,  as  could  be  operated  profitably  and  the  gas 
utilized  or  disposed  of  commercially. 

Prichard  t7.  Freeland  Oil  Co.  (West  Virginia),  84  Southeaatem,  945,  p.  946,  April, 
1915. 

HEADER. 

Headers  are  pieces  of  plank — longer  than  a  cap — extending  over 
more  of  the  roof  and  supported  by  two  props,  one  at  each  end. 

Bi»  Branch  Coal  Co.  v,  Wrenchie  (Kentucky),  170  Southwestern,  14,  p.  16,  Novem- 
ber, 1914. 

MINE COAL   MINE 

The  terms  ''mine"  and  ''coal  mine''  are  intended  to  signify  any 
find  all  parts  of  the  property  of  a  mining  plant,  either  on  the  surface 
or  underground,  that  contribute  directly  or  indirectly  under  one 
management  to  the  mining  or  handling  of  coal. 

Hakanson  v.  La  Salle  County  Carbon  Coal  Co.  (Illinoifl),  106  Northeastern,  617,  p. 
618,  October,  1914. 

PILLARS   OR   STUMPS. 

Pillars  or  stumps  in  a  coal  mine  are  the  natural  supports  left  in  the 
mine  for  the  purpose  of  supporting  the  roof. 

Northeast  Coal  Co.  v.  Hunley  (Kentucky),  174  Southwestern,  732,  March,  1915. 

PROP. 

By  "prop"  is  meant  an  upright  post  surmounted  by  a  square 
block  wedged  between  the  top  of  the  post  and  the  roof. 

Big  Branch  Coal  Co.  v.  Wrenchie  (Kentucky),  170  Southwestern,  14,  p.  16,  Novem- 
ber, 1914. 

Eagle  Coal  Co.  v.  Patrick  (Kentucky),  170,  Southweatem,  960,  p.  9C1,  December, 
1914. 

PUSHER —  IGGER   BOSS. 

''Pusher"  or  ''jigger  boss"  is.  a  term  used  in  mining  parlance  to 
designate  one  who  is  engaged  for  the  purpose  of  encouraging  or 
hastening  the  miners. 

Kyan  v,  Manhattan  Big  Four  I^lining  Co.  (Nevada),  145  Pacific,  907,  p.  908,  Decem- 
ber, 1914. 

SHAFT. 

The  term  "shaft"  as  used  in  the  Illinois  mines  and  miners  act 
means  any  vertical  opening  through  the  strata  which  is  or  may  be 
used  for  the  purpose  of  ventilation,  escapement,  or  for  the  hoisting 
or  lowering  of  men  and  material  in  connection  with  mining  coal. 

Hakanaon  v.  La  Salle  County  Carbon  Goal  Co.  (Illinois),  106  Northeastern,  617,  p. 
618,  October,  1914. 
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STOPE. 

A  stope  in  a  mine  is  an  excavation  made  in  removing  the  ore  which 
has  been  opened  up  or  made  accessible  by  shafts  and  drifts  or  levels. 

Mesich  v.  Tamarack  Mining  Co.  (Michigan),  151  Northwestern,  564,  p.  565,  March, 
1915. 

STRIKE. 

Shutting  down  a  mine  by  calling  out  men  in  obedience  to  their 
obligation  as  members  of  the  United  Mine  Workers  of  America  is 
what  is  known  as  a  '* strike." 

Mitchell  V.  Hitchman  Coal  &  Coke  Co.,  214  Fed.,  685,  p.  705. 

TIMBERING. 

By  "  timbering '^  is  meant  the  protecting  against  falls  of  roof  for- 
mation of  a  mine,  by  means  of  horizontal  timbers  or  caps  extending 
across  the  passageway  just  under  the  roof,  the  ends  of  such  timbers 
resting  upon  vertical  timbers  or  posts. 

Eagle  Coal  Co.  v.  Patrick  (^Kentucky),  170  Southweetem,  960,  p.  961,  December, 
1914. 

TRAMMER. 

Trammers  m  a  mine  are  common  laborers,  who,  working  chiefly 
with  shovels,  load  the  ore  and  dirt  or  rock  into  tram  cars  and  push 
them  out  from  the  stope  to  where  they  are  attached  to  cars  which 
haul  them  to  the  shaft;  and  in  loading  the  cars  they  also  at  times, 
when  conditions  require,  go  up  or  back  into  the  stope  and  pass  dirt 
toward  the  cars. 

Mesich  r.  Tamarack  Mining  Co.  (Michigan),  151  Northwestern,  564,  p.  565,  March, 
1915. 
See  Zap  v.  Newport  Mining  Co.  (Michigan),  151  Northwestern,  554,  March,  1915. 
Sabela  v.  Newport  Mining  Co.  (Michigan),  151  Northwestern,  598,  March,  1915. 

MINING  CORPORATIONS. 

CORPORATE   POWERS — SURRENDER   OF   COAL   LEASE. 

# 

An  express  surrender  of  a  coal  lease  by  a  mining  corporation 
requires  corporate  action;  and  the  president  of  such  a  corporation 
has  no  inherent  power  to  surrender  a  mining  lease  belonging  to  the 
corporation. 

Laing  v.  Price  (West  Virginia),  83  Southeastern,  497,  p.  499,  October,  1914- 
POWER   OF  DIRECTORS   TO   DISPOSE   OF   PROPERTY. 

The  general  incorporation  act  of  Delaware  (22  Delaware  Laws,  394), 
authorizing  a  mining  corporation  to  buy,  sell,  and  deal  in  mines, 
acquired  by  exchange  of  property,  and  sell  or  otherwise  dispose  of  and 
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deal  in  shares  of  other  corporations,  and  the  articles  of  incorporation 
of  a  mining  company  providing  that  the  directors  shall  have  the  power 
to  seU,  assign,  and  transfer  and  convey  and  otherwise  dispose  of  a 
part  of  the  property,  assets  and  effects  of  the  corporation,  less  than 
the  whole  or  substantially  the  whole  thereof,  on  such  terms  and  condi- 
tions as  they  may  deem  right  and  just,  without  assent  of  the  stock- 
holders, clothes  the  directors  of  a  mining  corporation  with  the  power, 
when  acting  in  good  faith  and  with  no  personal  advantage  to  them- 
selves to  exchange  the  mining  property  of  the  corporation  for  stock 
in  another  corporation,  and  the  judgment  of  the  directors  as  to  the 
wisdom  of  the  exchange  will  not  be  reviewed,  where  there  is  no  evi- 
dence of  inadequacy  of  consideration  for  the  sale. 

Butler  V,  New  Keystone  Copper  Co.  (Delaware),  93  Atlantic,  380,  p.  382,  February, 
1915. 

KXOWXEDGE  OF  DIBECrORS — ACQUIESCENCE  NOT  A  RATIFICATION. 

Where  a  secretary  and  manager  of  an  oil  company  attempted  to 
cancel  an  existing  contract  and  made  a  settlement  with  a  well  driller 
and  thereupon  notified  a  majority  of  the  directors  of  the  corporation 
of  the  cancellation  and  settlement,  the  mere  silence  and  acquiescence 
of  the  individual  directors  will  not  amount  to  a  ratification  of  the 
act  of  the  secretary  and  manager,  as  such  a  ratification  by  the  direc- 
tors could  only  be  accomplished  by  a  formal  act  on  the  part  of  the 
members  when  in  session,  and  in  such  case  the  mere  silence  of  the 
individual  directors  can  not  operate  as  an  estoppel. 

Blair  v.  Brownstone  Oil  Refining  Co.  (Califomia),  143  Pacific,  1022,  p.  1023. 
POWERS     OF     MAJORITY     OF     STOCKHOI-DERS WRIGHTS     OF     MINORITY. 

Under  the  statute  of  Montana  the  holders  of  two-thirds  of  the 
issued  stock  of  any  Montana  mining  corporation  may  by  vote  author- 
ize a  sale  of  all  the  corporate  property  to  the  same  extent  as  if  all 
stockholders  had  consented  thereto,  and  upon  any  such  sale  the 
mining  corporation  is  dissolved  and  woimd  up  as  in  other  cases.  A 
minority  stockholder  is  powerless  to  prevent  such  a  sale,  as  every 
stockholder  consents  to  this  statutory  provision  when  he  becomes  a 
stockholder  and  it  is  part  of  his  contract  with  the  other  stockholders 
and  the  corporation. 

If  a  sale  by  two-thirds  of  the  stockholders  is  fraudulent  a  minority 
stockholder  may  avoid  the  sale  on  the  ground  of  fraud,  or  he  may  have 
an  appraisal  of  his  stock  and  compel  a  payment  of  its  appraised  value; 
but  if  he  elects  to  have  an  appraisal  of  his  stock  he  can  not  thereafter 
resort  to  his  remedy  for  the  fraud. 

Wall  V,  Anaconda  Copper  Mining  Co.,  21G  Fed.,  242,  p.  243. 
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POWEE  OF  DIBEGTORS  TO  DISPOSE  OF  ALL  THE  PEOPEETY. 

Neither  the  directors  nor  the  stockholders  of  a  prosperous  mining 
corporation  have  power  to  sell  all,  or  substantially  aU,  the  property 
of  the  corporation  over  the  objection  of  the  holder  of  a  single  share  of 
stock;  but  if  the  business  is  unprofitable,  the  enterprise  hopeless,  and 
the  mine  a  disappointment,  and  the  further  development  unprofitable 
and  unwise,  then  the  holders  of  a  majority  of  stock  may,  even  against 
the  dissent  of  the  minority,  seU  all  the  property  of  the  corporation 
with  a  view  of  winding  up  the  corporate  affairs.  And  where  tho 
charter  provisions  are  broad  enough  to  include  such  sale  within  the 
corporate  purpose,  it  will  be  within  the  power  of  the  majority  of  the 
stockholders  to  so  sell,  in  any  event,  as  against  the  protest  of  a  minority 
of  the  stockholders. 

Butler  V.  New  Keystone  Copper  Co.  (Delaware),  93  Atlantic,  380,  p.  382,  Februan', 
1915. 

CAPITAL  STOCK  NOT  PAYABLE  IN  DEPRECIATED  PROPERTY. 

The  laws  of  Missouri  do  not  contemplate  or  permit  a  corporation  to 
be  formed  with  a  fictitious  capital  stock  merely  by  designating  in  the 
articles  of  incorporation  that  the  oapital  stock  consists  of  property  of 
a  named  valuation;  and  stockholders  of  a  mining  corporation  can  not 
escape  personal  hability  on  their  stock  subscription  by  showing  that 
the  articles  of  incorporation  state  that  the  capital  stock  was  fully 
paid  in  certain  mining  property  taken  at  a  stated  value,  and  a  judg- 
ment creditor  of  the  corporation  seeking  to  enforce  the  personal 
UabiUty  of  stockholders  is  not  estopped  to  claim  that  the  stock  is  not 
fully  paid  up. 

Rogers  v.  Stag  Mining  Co.  (Miasouri  Appeals),  171  South'westem,  676,  p.  679,  Decem- 
ber, 1914. 

RIGHT  OF  STOCKHOLDER  TO  EXAMINE   PROPERTY. 

A  stockholder  in  a  mining  corporation  is  entitled  to  examine  the 
mining  property  of  the  corporation  and  this  includes  the  right  to  be 
accompanied  by  an  expert. 

Hobbs  V.  Davis  (California),  143  Pacific,  733,  p.  734. 

SALE   OF   STOCK — SPECIFIC    PERFORMANCE. 

In  an  action  by  the  purchaser  of  mining  stock  to  compel  the  specific 
performance  of  a  contract  of  sale  by  another  stockholder  and  the 
transfer  to  him  of  the  shares  of  stock  under  the  agreement,  a  coxu't 
of  equity  will  not  decree  the  specific  performance  of  the  agreement 
where  the  purchase  price  was  $255,000  for  stock  of  the  intrinsic  value 
of  $624,000,  and  where  the  purchaser  had  paid  only  $1,000,  and 
he  had  failed  to  make  other  payments  according  to  the  terms,  and 
where  time  was  specified  to  be  of  the  essence  of  the  contract,  and 
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the  sums  paid  on  the  contract  were  to  be  forfeited  in  case  of  the 
failure  of  the  purchaser  to  complete  the  agreement;  and  the  buyer 
can  not  justify  his  default  in  such  payments  on  the  ground  that  the 
sefler  had  refused  him  the  privilege  of  examining  the  mining  prop- 
erty, such  refusal  being  the  alleged  efficient  cause  of  the  buyer's 
default,  where  the  buyer  himself  was  a  stockholder  and  had  the 
right  as  such  to  inspect  the  mining  property,  and  where  the  inspec- 
tion of  the  property  was  not  made  a  condition  to  the  performance 
of  the  buyer's  agreement. 

Hobbs  V.  DavU  (California),  143  Pacific,  733,  p.  734. 

FRAUDULENT    SALE    OF   MINING    STOCK — ^DUMP   PART    OF    MINE — PRE- 
SUMPTION  AS  TO   VALUE. 

In  an  action  for  damages  for  false  and  fraudulent  representations 
in  the  sale  of  stock  of  a  mining  corporation,  and  where  the  false  state- 
ment was  to  the  effect  that  there  was  a  half  million  dollars'  worth 
of  ore  on  the  dump  ready  to  mill  and  sufficient  to  nm  a  mill  from 
three  to  five  years,  on  proof  that  the  officers  of  the  corporation  re- 
ported the  mine  as  worthless,  together  with  proof  tending  to  show 
an  abandonment  of  the  property,  a  jury  may  assume  that  the  dump, 
which  was  a  part  of  the  mine,  was  also  worthless. 

Rogers  v.  Boflenfeld  (WiBconain),  149  Northwestern,  33,  p.  36,  October,  1914. 
FRAUDIILBNT   SALE   OF  MINING   STOCK — ^DAMAGES. 

In  aa  action  for  damages  for  false  and  fraudulent  representations 
in  making  a  sale  of  stock  in  a  mining  company,  where  the  stock  was 
falsely  represented  to  be  worth  50  cents  on  the  dollar,  and  where  the 
proof  showed  that  the  market  value  of  such  stock  was  nothing,  or 
not  to  exceed  5  cents  per  share,  the  defendant  can  not  complain 
where  the  jury  found  damages  in  favor  of  the  plaintiff  of  less  than  50 
cents  per  share. 

Rogers  r.  Kosenfeld  (Wisconsin),  149  Northwestern,  33,  p.  36,  October,  1914. 

SALE    OF    MINING    STOCK — ^LIABILITY    FOR    FRAUDULENT   REPRESENTA- 

TIONS. 

The  owner  of  stock  in  a  mining  corporation  who,  for  the  purpose 
of  inducing  another  to  purchase  the  stock,  stated  to  him  that  he  had 
just  returned  from  the  mining  property  and  that  there  was  ore  enough 
on  the  dump  at  the  mine  to  run  a  mill  from  three  to  five  years,  that 
it  was  high-^ade  ore,  and  that  there  was  a  half  miUion  dollars'  worth 
of  ore  on  the  dump  ready  to  mill,  was  held  liable  on  proof  that  the 
representations  were  false,  and  such  representations,  when  relied 
upon,  do  not  constitute  a  mere  expression  of  opinion,  but  were  state- 
ments of  facts  on  which  the  purchaser  had  a  right  to  rely. 

Rogers  V.  Roeenfeld  (Wisconsin),  149  Northwestern,  33,  p.  36,  October,  1914.    • 
07233"— Bun.  101—15 3 
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SALE    OF    MINING    STOCK — FRAUD — PERSONAL    INVESTIGATION    BY 

PL'RCHASER. 

In  an  action  on  a  promissory  note  given  in  payment  of  the  purchase 
price  of  mining  stock,  the  maker  of  the  note  can  not  defend  on  the 
groimd  of  fraud  and  false  representation  where  the  evidence  shows 
that  the  purchaser  of  the  stock,  the  maker  of  the  note,  made  the 
purchase  on  the  result  of  his  own  investigation  and  not  in  reliance 
on  the  statements  made  by  the  payee  or  in  the  company's  prospectus; 
and  the  statute  of  Connecticut  imposing  a  penalty  for  making  false 
statements  as  to  the  value  of  stocks,  honds,  or  property  has  no 
application  where  the  evidence  shows  that  the  purchaser  did  not 
rely  upon  and  was  not  misled  or  deceived  by  the  statement  of  the 
seller. 

Meech  v.  Malcolm  (Connecticut),  92  Atlantic,  657,  p.  659,  December,  1914. 

PURCHASE  OF  STOCK — PURCHASE  SUBJECT  TO  PRIOR  AGREEMENT  TO 

SELL. 

A  purchaser  of  the  stock  and  bonds  from  a  stockholder  of  a  mining 
corporation  with  actual  notice  that  his  vendor,  the  stockholder,  has 
by  contract  boimd  himself  to  transfer  such  stock  and  bonds  to  an- 
other and  that  suit  was  then  pending  for  the  specific  enforcement  of 
such  contract,  takes  title  to  such  stock  and  bonds  subject  to  the 
terms  of  the  vendor's  original  contract  and  the  judgment  rendered 
in  the  pending  suit. 

Peoples  Bank,  etc.,  v.  Columbia  Collieries  Co.  (West  Viiginia),  84  Southeastern, 
914,  p.  916,  April,  1915. 

CONTRACT  BY  SOLE  STOCKHOLDER  FOR  SALE  OF  PROPERTY — ^SPECIFIC 

PERFORMANCE. 

A  person  who  owns  all  the  stock  in  a  mining  corporation  and  who 
has  contracted  with  another,  on  a  sufficient  consideration,  to  cause 
the  real  estate  of  the  corporation  to  be  conveyed  to  such  other  con- 
tracting party  may  be  compelled  in  an  action  for  specific  performance 
of  the  contract,  no  rights  of  creditors  of  the  corporation  being  in- 
volved, to  complete  the  contract  and  cause  the  property  to  be  con- 
veyed according  to  its  terms. 

Peoples  Bank,  etc.,  v.  Columbia  Collieries  Co.  (West  Virginia),  84  Southeastern. 
914,  p.  917,  April,  1915. 

INVALID   ISSUE   OF   STOCK — RIGHT   TO  VOTE. 

The  transferee  of  stock  of  a  mining  corporation,  who  takes  the 
same  with  notice  and  knowledge  that  the  stock  was  illegally  issued 
by  the  corporation  to  itself,  may  be  prevented  from  voting  such 
stock  at  a  corporate  election. 

peal  V.  Erie  Coal  &  Coke  Co.  (Pennsylvania),  93  Atlantic,  829,  p.  832,  January,  1915, 
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JUDGMENT    AGAINST    MINING    COBPORATION — CONTINUANCE    OP    LIEN. 

A  judgment  against  an  insolvent  corporation  taken  for  materials 
and  suppties  furnished  the  bondholders  while  in  possession  and  used 
for  the  purpose  of  preserving  the  property  as  security  for  the  bonds, 
will  continue  to  be  a  lien  upon  the  property  of  the  corporation  where 
the  bondholders  purchased  the  property  under  foreclosure  proceed- 
ings and  thereupon  organized  a  new  company  as  a  holding  company 
to  take  the  title  to  the  property,  but  no  consideration  was  paid  for 
the  purchase  of  the  property  by  the  new  company  except  the  interest 
its  incorporators  owned  as  bondholders. 

Spadn-Olarkflville  Coal  Co.  v,  Kansas  Zinc  Co.  (Kansas),  145  Pacific,  571,  January, 
1915. 

RAn^OAD    COMPANY   LIABLE   FOE   BONDS   OF  MINING   COMPANY. 

A  railroad  company  owning  the  controlling  interest  of  an  insolvent 
coal  company  entered  into  a  plan  of  reorganization  of  the  coal  com- 
pany by  which  the  new  company  issued  bonds  for  the  purpose  of 
raising  funds  to  carry  on  its  enterprise,  and  at  the  same  time  executed 
a  lease  of  its  mining  property.  The  railroad  company  thereupon  en- 
tered into  a  contract.with  the  lessee  by  which  it  agreed  to  pay  a  stated 
sum  per  ton  for  a  stated  number  of  tons  per  year  for  coal  shipped  by 
it,  the  payments  to  be  applied  in  discharge  of  the  coal  company's 
bonds. 

The  coal  lessee  compUed  with  its  part  of  the  agreement,  was  ready 
to,  and  did  mine  the  minimum  amoimt  of  coal.  The  railroad  com- 
pany failed  to  furnish  cars  sufficient  to  transport  the  coal  mined,  and 
it  was  held  liable  in  damages  in  an  action  by  the  trustee  of  the  bond- 
holders for  losses  sustained  by  them  for  its  failure  to  perform  its  part 
of  the  agreement  and  furnish  cars  necessary  to  transport  the  coal 
mined;  and  it  was  no  defense  for  the  railroad  company,  against  its 
own  wrongdoing,  to  claim  that  under  the  requirements  of  the  Inter- 
state Commerce  C!oinmission  and  the  State  railroad  commission  it 
was  required  to  distribute  its  cars  among  all  coal  operators  on  its  line 
in  the  ratio  of  their  relative  needs,  as  the  railroad  owned  and  con- 
trolled the  coal  company  and  was  manipulated  by  the  railroad  com- 
pany for  its  own  purposes  and  in  its  own  interests. 

THieeling  &  Lake  Erie  Railway  Co.  v.  Carpenter,  218  Fed.,  273,  p.  280. 

FUBCHASE  OF  ASSETS   OF  ONE   BY  ANOTHER — LIABILITY. 

Where  one  corporation  transfers  all  of  its  assets  to  anothei-  and 
practically  ceases  to  exist,  without  having  paid  its  debts,  the  pur- 
chasing corporation  takes  the  property  subject  to  an  equitable  hen  or 
charge  in  favor  of  the  creditors  of  the  selling  corporation ;  and  the 
same  rule  applies  where  one  corporation  goes  out  of  existence  by  being 
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merged  into  or  absorbed  by  another^  and  in  all  such  cases  the  Uabili- 
ties  of  the  old  corporation  are  enforceable  against  the  new,  on  the 
principle  that  equity  impresses  a  lien  on  the  property  thus  taken  over 
for  the  benefit  of  the  creditors  of  the  old  concern.  But  the  rule  does 
not  apply  where  one  corporation  merely  sells  a  part  of  its  property  to 
another  and  does  not  cease  to  exist;  and  in  such  case  there  would  be 
no  liabiUty  on  the  part  of  the  purchasing  corporation  for  debts  of  the 
seller. 

Carter  Coal  Co.  v.  Clouee  (Kentucky).  173  Southwestern,  794,  p.  796,  March,  1915. 
PURCHASING  CORPORATION   NOT   LIABLE    FOR   DEBTS   OF   SELLER. 

The  fact  that  one  mining  corporation  purchased  some  15,000  acres 
of  coal  lands  of  another  corporation  and  operated  a  mine  on  the  land 
purchased  is  not  sufficient  to  make  the  purchasing  corporation  fiable 
to  an  injured  miner  for  injuries  received  prior  to  the  time  of  the  pur- 
chase, where  both  the  selling  and  buying  corporation  continued  their 
existence  as  separate  corporations  and  were  not  merged  into  one  cor- 
poration ;  and  the  fact  that  one  person  is  a  stockholder  in  both  cor- 
porations is  of  no  weight  in  determining  the  liability  of  the  purchasing 
corporation. 

Carter  Coal  Co.  v.  Clouse  (Kentucky),  173  Southwestern,  V94,  p.  794,  March,  1915. 

FAILURE   TO  PAT  CORPORATION  TAX — LIABILITY  AND  FORFEITURE  OF 

FRANCHISE. 

The  statute  of  Ck)lorado  imposes  an  annual  corporation  tax  on  cor- 
porations of  that  State  and  provides  that  nonpayment  of  the  taxes 
shall  work  a  forfeiture  of  the  corporate  franchise,  and  provides  also 
that  an  action  of  debt  will  lie  for  the  recovery  of  the  tax.  In  an  action 
of  debt  by  the  State  against  a  mining  corporation  for  taxes  overdue 
the  corporation  can  not  defend  on  the  groimd  that  its  failure  to  pay 
the  taxes  for  the  first  year  operated  as  a  forfeiture  of  its  franchise, 
where  it  appears  that  the  corporation  continued  in  business  for  the 
succeeding  years  and  was  still  exercising  its  right  and  stiU  conducting 
its  business. 

Pinnacle  Gold  Mining  Co.  v.  People  (Colorado).  143  Pacific,  837,  p.  839. 

BREACH   OF    CONTRACT   TO   FINANCE. 

Where  shares  of  stock  of  a  mining  corporation  were  issued  and 
delivered  to  a  person  in  consideration  that  he  finance  the  corporation 
and  advance  money  for  the  working  of  its  mines,  it  is  no  defense  in  an 
action  against  him  for  a  breach  of  the  agreement  to  show  that  he  had 
contracted  with  and  paid  a  third  person  to  furnish  the  money  and 
that  such  third  person  had  failed  to  do  so. 

Cerro  Cobre  Development  Co.  r.  Dtivall  (Arizona),  147  Pacific,  695.  p.  699.  Marrli. 
1915. 
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LIABILITY  FOR  MALICIOUS   PROSECUTION. 

A  coal  mining  corporation  may  be  liable  in  an  action  for  damages 
for  malicious  prosecution  though  such  prosecution  was  procured  to 
be  made  by  its  superintendent  acting  in  furtherance  of  the  business 
of  the  cx>rporation ;  and  the  person  or  corporation  starting  the  mali- 
cious prosecution  is  liable  for  its  continuance  and  for  the  malfeasance 
of  the  officer  making  the  arrest. 

Lvonfl  V.  Davy  Pocahontas  Coal  Co.  (West  Virginia),  84  Southeaetem,  744,  March, 
1915. 

LIABILmr  FOR   TORT — PARTICULAR   ACTS    AS   EVIDENCE. 

The  fact  that  a  mining  corporation  paid  the  compensation  of  cer- 
tain deputy  constables  and  peace  officers  appointed  by  the  court  of 
quarter  sessions  of  the  county,  and  which  were  appointed  to  per- 
form the  duties  of  police  officers,  and  where  it  appears  that  the  serv- 
ices of  such  deputies  were  not  performed  on  the  property  of  the 
mining  corporation  but  on  the  public  highway,  is  not  sufficient  to 
render  the  mining  corporation  liable  for  damages  for  assaults  and 
batteries  committed  by  such  deputies  and  pohce  officers. 

P.u£tner  v.  Jamison  Coal  &  Coke  Co.  (Pennsylvania),  92  Atlantic,  1075,  January, 
1915. 

INSOLVENCY — ACT  OF   BANKRLTTCY. 

Where  a  mining  corporation  had  executed  a  chattel  deed  of  trust 
covering  its  entire  property,  and  because  of  insolvency  had  failed 
to  make  payments  as  provided  in  the  chattel  deed  of  trust  and  the 
trustee  had  taken  possession  of  the  property  and  had  advertised  the 
same  for  sale,  the  failm-e  of  the  mining  corporation  or  of  the  trustee 
lo  vacate  a  judgment  and  the  levy  of  the  execution  within  five  days 
prior  to  the  sale  did  not  constitute  an  act  of  bankruptcy  and  did  not 
give  the  execution  creditor  a  preference. 

Moark-Nemo  Consolidated  Mining  Co.,  In  re,  219  Fed.,  340. 

BANKRUPTCY — RECEIVER — PREFERENCE   CLAIM    FOR   SERVICES. 

A  receiver  of  a  mining  corporation  who  was  a  capable  mining  man 
and  superintendent  of  the  company's  business  and  was  engaged  at 
the  mine  for  two  months  before  the  company  went  into  the  hands 
of  the  receiver  is  entitled  to  preference  for  the  reasonable  amount  of 
his  services. 

Gennan  National  Bank  v.  Young  (Arkansas),  169  Southwestern,  1178,  p.  1180, 
July,  1914. 

INSOLVENCY — PERSONAL  LIABILITY   OF   STOCKHOLDERS. 

The  obligation  arising  on  an  implied  contract  of  a  corporation  to 
pay  for  coal  wrongfully  mined  from  the  property  of  another  and  not 
paid  for  is  a  ''debt  unpaid"  within  the  meaning  of  section  1204  of 
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the  General  Statutes  of  Kansas,  1889,  providing  that  if  any  corpo- 
ration be  dissolved  leaving  debts  unpaid  suit  may  be  brought  against 
any  person  or  persons  who  were  stockholders  at  the  time  of  such. 
dissolution;  but  any  such  claim  is  barred  by  the  three  years'  statute 
of  limitations,  and  a  suit  against  a  stockholder  for  such  a  claim  can 
not  be  maintained  when  four  years  have  elapsed  since  the  corpora- 
tion suspended  business. 

Abemathy  v.  Loftus  (Kansas),  147  Pacific,  818,  p.  820,  April,  1915. 

MINING  CLAIMS. 

GENEBAL  FEATT7BES. 
MIXING   LOCATIONS   ON   APEX   OF   VEIN. 

The  course  of  a  vein  appearing  on  the  surface  is  the  course  of  its 
apex,  and  as  a  miner  is  required  to  locate  his  claim  along  the  vein 
this  means  that  he  must  locate  it  along  the  outcrop  or  co;urse  of  the 
apex  if  it  is  foimd  impracticable  for  him  to  locate  it  along  the  strike 
of  the  vein. 

Stewart  Mining  Co.  r.  Bourne,  218  Fed.,  327,  p.  329. 

OWNERSHIP  OF   ORE — PRESUMPTION. 

Presumptively  all  ore  bodies  found  beneath  the  surface  of  an 
abandoned  mining  claim  belong  to  the  owner  of  the  claim. 

Stewart  Mining  Co.  v.  Bourne,  218  Fed.,  327,  p.  328. 

CONTRACT  TO  CONVEY  MINING  CLAIMS — EQUITABLE  RIGHTS   ANI> 

TITLES. 

The  owner  of  certain  mining  locations  and  holding  options  to 
purchase  other  mines  entered  into  a  contract  with  a  corporation  by 
which,  in  consideration  of  the  assignment  of  the  capital  stock  of  the 
corporation,  he  promised  and  agreed  to  transfer  such  mining  loca- 
tions and  options  to  the  corporation;  and  when  pursuant  to  such 
contract  the  corporation  did  assign  to  him  its  shares  of  the  capital 
stock,  the  property  in  the  mining  locations  and  in  the  options  will 
be  deemed  to  have  passed  to  the  corporation  under  the  rule  that 
equity  will  regard  that  as  actually  done  which  ought  to  have  been 
done;  and  the  person  so  receiving  the  shares  of  stock  can  not  there- 
after transfer  a  valid  title  to  the  mining  locations  and  to  the  options 
to  another  corporation  with  notice  and  knowledge  of  the  agreement 
and  of  the  fact  that  the  stock  had  been  transferred;  and  the  con- 
tracting corporation  may  compel  a  conveyance  of  the  mining  loca- 
tions and  the  transfer  of  the  options  by  the  corporation  or  person 
so  receiving  the  same. 

Oerro  Cobre  Development  Co.  v.  Duvall  (Arizona),  147  Pacific,  695,  p.  G99,  March, 
1915. 
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BIGHTS   OF  HEIRS — ^POWER  OF  ADMINISTRATOR  TO   CONVEY. 

The  equitable  title  to  mining  claims  held  under  a  contract  of  pur- 
chase, passes,  on  the  death  of  the  purchaser,  to  his  heirs  at  law  subject 
to  be  divested  by  the  administrator  of  the  estate  for  the  purpose  of 
paying  debts  and  expenses  of  administration;  but  if  there  is  ample 
personal  property  in  existence  to  pay  such  debts  and  expenses  without 
resort  to  the  real  estate,  then  the  administrator  has  no  authority  to 
dispose  of  the  property  in  such  mining  claims;  and  any  attempt  to 
forfeit  or  waive  the  title  of  the  heirs  at  law  to  such  equitable  right  in 
such  mining  claims  would  be  ima vailing,  and  the  imauthorized  deed 
of  the  administrator  would  not  have  the  effect  of  divesting  the  title 
of  the  heirs  at  law  in  the  mining  property. 

Costello  V.  Cunningham  (Arizona),  147  Pacific,  701,  p.  708,  March,  1915. 

AGREEMENT  TO   PURCHASE — ^TRUST — ^TENANCY   IN   COMMON. 

An  agreement  between  two  persons  by  which  they  were  to  pur- 
chase mining  claims  and  acquire  title  to  others  by  location,  title  to  all 
of  which  was  to  be  taken  in  the  name  of  one  of  the  contracting  parties 
in  trust  for  the  use  and  benefit  of  both,  makes  the  one  receiving  the 
title  trustee  for  both,  and  also  creates  a  relation  of  tenancy  in  common 
of  the  property. 

C€0tello  V.  Cunningham  (Arizona),  147  Pacific,  701,  p.  708,  March,  1915. 

LOGATIOK  NOTICE   AUD  CEBTIFICATE. 

RECORD — ^RECrrALS  AS   EVIDENCE. 

The  record  of  a  location  notice,  reciting  the  citizenship  of  the 
locators,  the  fact  of  discovery  of  mineral,  and  that  the  location  had 
been  marked  upon  the  ground,  is  not  even  prima  facie  evidence  of  the 
truth  of  the  recital,  for  the  reason  that  no  such  facts  are  required  to 
be  stated  in  any  of  the  statutory  notices,  but  such  facts  in  a  contro- 
versy over  the  location  must  be  established  by  proof  outside  of  the 
location  certificate. 

Childera  r.  Laham  (New  Mexico),  142  Pacific,  924,  p.  925. 

CONTENTS. 

Under  the  Federal  statute  and  the  statute  of  New  Mexico  the  record 
of  a  mining  location  is  required  to  contain  nothing  more  than  the 
names  of  the  locators,  the  date  of  location,  and  the  description  of  the 
claim  by  reference  to  some  natural  object  or  permanent  monument 
as  will  identify  the  claim;  but  the  posting  of  a  location  notice,  the 
discovery  of  mineral,  and  marking  on  the  ground  of  the  boundaries 
of  the  claim  are  not  required  to  be  recited  in  the  location  notice. 

Childers  v.  Laham  (New  Mexico),  142  Pacific,  924,  p.  925. 
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ASSESSMENT  WOBK— CONSIDEKATION. 
PROOF   OF  ANNUAL   LABOR. 

The  opinion  of  a  witness,  not  qualified  as  an  expert  as  to  the  value 
of  annual  labor  performed  on  a  mining  daim,  can  not  be  prejudicial 
where  the  court  instructs  the  jury  as  to  the  legal  rights  of  the  parties 
as  to  the  amoimt  of  labor  necessary  to  be  done  in  order  to  hold  the 
claim. 

Cache  Creek  Mining  Co.  v.  Brahenbeig,  217  Fed.,  240,  p.  242. 

ASSESSMENT   WORK   PERFORMED   BY  STRANGER. 

Work  on  a  mining  claim  performed  by  a  brother  of  the  deceased 
owner  of  such  claim,  for  the  purpose  of  keeping  the  claim  alive,  and 
making  assets  for  the  estate  of  the  deceased  brother,  out  of  which  a 
claim  held  by  him  against  the  estate  could  be  paid,  will  not  save  the 
claim  from  relocation,  where  the  executors,  legatees,  and  devisees 
under  the  will  of  the  deceased  owner  refuse  to  recognize  and  adopt 
the  work  done  as  assessment  work  upon  the  claim,  and  where,  after  the 
expiration  of  the  year  and  subsequent  to  the  date  of  relocation, 
they  began  the  performance  of  independent  assessment  work. 

McDonald  v.  McDonald  (Arizona),  144  Pacific,  950,  p.  955,  December,  1914. 
COOWNER   PREVENTED   FROM   PERFORMING. 

The  interest  of  a  coowner  in  a  mining  claim  can  not  be  forfeited,  as 
provided  for  by  section  2324  of  the  Revised  Statutes  of  the  United 
States  and  section  1426-0  of  the  Civil  Code  of  California,  by  another 
coowner,  where  such  coowner  or  the  persons  or  corporations  for  whom 
he  held  an  interest  in  the  mining  claim  forcibly  prevented  him  from 
completing  the  assessment  work  and  forcibly  ejected  and  drove  him 
from  the  mining  claim  while  in  the  act  of  performing  the  assessment 
work. 

Thompson  v.  Pack,  219  Fed.,  624,  p.  625,  December,  1914. 

BELOCATION. 

FAILURE    TO    PERFORM    ASSESSMENT    WORK ENTRY   NOT   A   TRESPASS. 

A  brother  of  a  deceased  owner  of  a  miaing  claim  who,  before  the 
expiration  of  the  year,  went  upon  the  claim  for  the  purpose  of  per- 
forming the  assessment  work  and  to  prevent  forfeiture  and  reloca- 
tion, and  who  during  the  time  and  after  the  expiration  of  the  year 
occupied  a  house  on  the  claim,  can  not  be  regarded  as  a  trespasser 
where  the  executors  and  legatees  and  devisees  under  the  will  of  liis 
deceased  brother  refused  to  recognize  or  adopt  the  work  done  by 
him  as  assessment  work  and  where  after  the  expiration  of  the  year 
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and  before  other  work  was  commenced,  he  relocated  the  mining  claim 
for  his  own  benefit  and  where  it  appeared  that  he  occupied  the  house 
with  the  consent  of  such  executors,  legatees,  and  devisees. 

McDonald  v,  McDonald  (Arizona),  144  Pacific,  950,  p.  955,  December,  1914. 
PEBSON    ENTERING    TO    BELOCATE    NOT    A    TRESPASSER. 

An  unpatented  mining  claim  under  section  2324  of  the  Revised 
Statutes  of  the  United  States  is  subject  to  relocation  if  the  required 
amount  of  assessment  work  has  not  been  performed;  and  a  person 
who  enters  upon  the  claim  after  midnight  of  December  31  for  the 
purpose  of  making  a  relocation  because  of  the  failure  to  perform 
the  assessment  work  for  the  preceding  year  is  not  a  trespasser. 

McDonald  v.  McDonald  (Arizona),  144  Pacific,  950,  p.  956,  December,  1914. 

FOBFEITI7BE. 
PLEADING   FORFEITURE. 

In  a  suit  to  determine  an  adverse  claim  to  a  mining  location  it 
is  sufficient  in  pleading  a  forfeiture  of  the  rights  of  the  plaintiff 
to  aver  ''all  of  plaintiff's  right  to  and  in  said  claim  became  forfeited 
and  the  said  claim  and  all  of  it  became  a  part  of  the  pubhc  domain, 
subject  to  location  according  to  law  as  mineral  land/'  and  especially 
m  connection  with  the  further  averment  that  the  plaintiff  had  not 
performed  the  annual  labor  required  by  law  for  a  period  of  three 
years  or  more. 

Cache  Greek  Mining  Go.  v.  Brahenberg,  217  Fed.,  240,  p.  241. 

FORFErruRE  OF  coowner's  interest. 

Section  2324  of  the  Revised  Statutes  of  the  United  States  and 
section  1426-0  of  the  civil  code  of  California  provide  for  the  for- 
feiture of  a  part  interest  in  a  mining  claim  on  the  failure  of  the  co- 
owner  to  perform  or  to  contribute  to  the  performance  of  the  assess- 
ment work. 

Thompson  v.  Pack,  219  Fed.,  624,  p.  625,  December,  1914. 

EZTBAIiATEBAL  KIGHTS. 
VEIN   TERMINATING   WITHIN    LOCATION. 

A  mining  locator  can  not  enforce  extralateral  rights  on  a  vein 
that  enters  his  claim  through  one  of  its  side  lines  and  in  its  course 
or  strike  does  not  pass  out  of  the  claim  at  all. 

Stewart  Mining  Co.  v.  Bourne,  218  Fed.,  327,  p.  329. 
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POSSESSOKY  BIGHTS. 
ADVEBSE   POSSESSION — PROOF  OF   LOCATION. 

An  adverse  possession  of  a  mining  claim  for  the  statutory  period 
is  not  available  to  a  plaintiff  in  an  action  of  ejectment  unless  the  loca- 
tion is  completed  and  proved;  and  an  admission  in  the  answer 
of  a  defendant  in  such  an  action  of  the  existence  of  a  valid  location 
by  the  plaintiff's  grantors  is  not  available  to  the  plaintiff  if  he  fails 
to  call  it  to  the  attention  of  the  trial  court,  otherwise  such  an  admis- 
sion  might  be  sufficient  to  avoid  the  necessity  of  proof  of  location. 

Childers  v.  Laham  (New  Mexico),  142  Pacific,  924,  p.  925. 

INJUNCTION   TO   PREVENT   CLOUD   ON   TFTLE. 

A  coowner  of  a  mining  claim  who  while  in  the  act  of  performing  as- 
sessment work  was  forcibly  prevented  from  completing  the  same  and 
was  forcibly  ejected  and  driven  from  the  claim  by  his  coowner,  or  by 
persons  or  corporations  for  whom  the  latter  held  an  interest  in  the 
claims,  may  enjoin  such  coowner  from  placing  on  record  the  notice  of 
forfeiture  with  the  affidavit  of  service  thereof,  as  provided  for  by  sec- 
tion 1426-0  of  the  Civil  Code  of  California,  as  this  would  constitute 
a  cloud  on  owner's  interest. 

Thompson  v.  Pack.  219  Fed.,  624,  p.  626,  December,  1914. 

ADVERSE    POSSESSION — PAYMENT   OF  TAXES. 

Section  2405,  Revised  Statutes  of  Utah  (1908),  provides  that  aU 
mines  and  mining  claims  shall  bo  taxed  at  the  price  paid  the  United 
States  therefore,  unless  the  surface  ground  or  some  part  thereof  is 
used  for  some  purpose  other  than  mining  and  has  a  separat<e  and  in- 
dependent value,  in  which  case  it  shall  be  taxed  at  its  value  for  such 
other  purpose.  Section  2868,  Compiled  Laws  of  Utah  (1907)  pro- 
vides that  adverse  possession  of  real  estate  can  not  be  established 
unless  it  has  been  occupied  and  claimed  for  a  period  of  seven  years 
continuously  and  the  occupant  or  his  grantors  has  paid  all  taxes 
levied  and  assessed  upon  such  land.  But  this  latter  section  does  not 
prevent  the  occupant  of  a  mining  claim  from  obtaining  title  by  adverse 
possession  where  the  surface  of  such  mining  claim  was  valuable  for 
purposes  other  than  mining  and  had  been  assessed  for  taxes  because 
of  its  value  for  such  other  purposes,  and  persons  other  than  the  occu- 
pant had  paid  such  taxes,  and  where  the  descriptions  of  the  parts  of 
the  surface  so  assessed  for  other  purposes  were  so  defective  as  to  make 
the  assessment  invalid. 

Utah  Copper  Co.  r.  Chandler  (Utah),  142  Pac,  1119. 
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OWNERSHIP  OF  VEIN  OB  LOPE — CONCLUSITENE8S  OF  JUDGMENT. 

In  an  action  to  determine  the  ownership  and  possession  of  a  certain 
vein  or  lode  of  ore,  a  judgment  awarding  the  property  to  the  plain- 
tiff is  not  conclusive  in  a  subsequent  suit  by  the  same  plaintiff  against 
a  lessee  of  the  defendant  in  the  original  action,  where  such  lessee  took 
possession  of  the  property  long  prior  to  the  institution  of  the  original 
suit. 

Doctor  Jack  Pot  Mining  Co.  v.  Manh.  216  Fed.,  261. 

SALE  AND  TRANSFER. 

FRAUD  IN  PURCHASING ^RECOVERY. 

An  action  in  the  nature  of  indebitatus  assumpsit  or  debt  may  be 
znaintained  for  the  diflFerence  between  $25,000  and  $625  against  a  per- 
son who,  pretending  and  professing  to  act  for  himself,  and  others, 
falsely  and  fraudulently  represented  to  them  that  he  could  purchase 
certain  mining  claims  for  the  sum  of  $25,000  and  relying  upon  such 
representations  the  persons  to  whom  the  representations  were  made 
advanced  the  sum  of  $25,000  for  the  purchase  of  the  mining  claims, 
where  the  party  making  the  piu*chase  paid  but  $625  for  the  mining 
claims  and  appropriated  the  remainder  to  his  own  use;  and  one  of 
such  purchasers  who  conspired  with  the  persons  making  the  represen- 
tations and  received  a  part  of  the  difference  between  the  $25,000  and 
the  $625,  is  liable  to  the  other  purchasers  for  such  part  so  received  by 
him,  though  he  himself  had  no  contractual  relations  with  the  other 
purchasers.  Persons  suing  in  such  an  action  may  waive  the  tort  and 
sue  the  party  making  the  representations  for  the  balance  of  the  money 
so  obtained. 

Reyer  v.  Blaisdell  (Colorado  Appeals),  143  Pacific,  385. 

TBESPASS. 

OWNERSHIP  OF   ORE    WRONGFULLY  MINED. 

The  description  in  the  mortgage  of  a  mining  corporation  reciting 
that  all  the  real  property  of  the  mining  corporation  situated  in  the 
county  and  particularly  described,  also  aU  lodes,  mineral  mining 
property,  flumes,  ditches,  water  rights,  mill  sites,  and  other  mining 
properties  that  may  thereafter  be  acquired  by  the  corporation,  by 
location,  purchase,  or  in  any  other  manner  whatsoever,  can  not  be 
extended  beyond  the  import  of  the  descriptive  instrument  and  there- 
fore a  reasonable  meaning  and  the  intent  of  the  parties  can  not  be  held 
to  include  ores  wrongfully  mined  and  taken  from  the  mining  property 
adjoining  the  property  of  the  corporation  executing  the  mortgage, 
for  the  purpose  of  holding  the  mortgagee  as  a  trustee  of  the  owner 
of  the  wrongfully  mined  ore. 

Clinton  Mininj?  &  Mineral  Co.  v.  Trust  Co.,  etc.  (South  Dakota),  151  Northwestern, 
998,  p.  999,  April,  1915. 
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ORES   WRONGFULLY  MINED — EFFECT  OF  MORTGAGE. 

Ores  wrongfully  mined  from  a  mining  claim  by  a  mining  corpora- 
tion owning  an  adjoining  claim  and  which  had  mortgaged  all  its 
property,  including  all  lodes,  mineral  and  mining  property  that  may 
be  acquired  by  location,  purchase,  or  in  any  other  manner  whatsoever, 
can  not  be  included  within  the  terms  of  such  mortgage  for  the  pur- 
pose of  making  the  mortgagee  a  trustee-  for  the  benefit  of  the  oiviier 
of  the  ores  so  wrongfully  mined. 

Clinton  Mining  &  Mineral  Co.  i;.  Trust  Co.,  etc.  (South  Dakota),  151  Northwestern, 
998,  p.  999,  April,  1915. 

PLACER  CLAIMS. 
EFFECT   OF   PATENT   ON   KNOWN   LODES. 

A  placer  patent  is,  except  in  cases  of  fraud,  a  conclusive  determina- 
tion, made  by  a  special  tribunal  having  jurisdiction  to  determine,  that 
the  land  conveyed  contains  no  lodes  or  mineral  lands,  and  the  patent 
conveys  the  lands,  though  mineral  or  containing  lodes,  but  by  de- 
feasible title  if  secured  by  fraud;  but  such  title  is  valid  against  all 
the  world  save  that  when  secured  by  fraud  the  United  States  b3" 
direct  suit  if  brought  within  time  may  annul  the  patent  and  divest 
title. 

Barnard  Realty  Co.  r.  Nolan,  215  Fed.,  996,  p.  1000. 

PATENTED  PLACER  CLAIM — PROOF  OF  KNOWN  LODE. 

Proof  to  establish  that  a  lode  was  known  to  exist  when  a  placer 
patent  was  applied  for  must  show  that  at  that  time  the  lode  was 
clearly  ascertained  and  defined  and  of  such  known  extent  and  con- 
tent that  in  view  of  all  circumstances  and  conditions  affecting  its 
worth,  such  as  the  importance  locally  attached  to  like  lodes  under 
similar  conditions,  ease  or  difficulty  of  development,  facilities  for  ore 
treatment,  cost  of  mining  and  reducing  ores,  with  the  reasonable  prob- 
abilities of  development,  it  would  then  have  justified  location  and 
development,  and  by  reason  of  which  it  and  the  area  attaching  to,  or 
excluded  with  it,  were  then  more  valuable  than  for  placer  mining 
purposes. 

Clark-Montana  Realty  Co.  v.  Ferguson,  218  Fed.,  959,  p.  963. 

KNOWN    LODE — WHAT   CONSTITUTES. 

Float,  outcroppings,  lodes,  and  abandoned  locations,  separately  or 
combined,  are  not  sufficient  to  constitute  a  ''known  lode"  within  the 
exclusion  of  the  placer  mining  law;  but  to  be  impressed  with  such 
character  the  lode  must,  at  the  time  of  application  for  placer  patent, 
be  clearly  ascertained  and  defined  and  of  such  extent  and  content 
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that  it  will  then,  in  view  of  present  conditions,  justify  development 
and  exploitation,  and  because  of  which  the  placer  claim  is  valuable 
and  more  valuable  than  for  placer  mining  purposes.  Subsequent 
development,  however  marvelous  the  results'  is  immaterial  if  the 
lode  be  not  thus  "known'*  when  the  application  for  the  placer  patent 
is  made. 

Barnard  Realty  Co.  v.  Nolan,  215  Fed.,  996,  p.  999. 
Clark-MonUna  Realty  Co.  v.  Ferguson,  218  Fed.,  959,  p.  964. 

KNOWN  LODES — PLACER  PATENT. 

Neither  a  deed  for  a  placer  location  nor  a  lode  location  upon  the 
land  by  the  placer  applicant  himself  is  prima  facie  evidence  of  a 
known  lode,  and  both  are  deprived  of  all  value  by  evidence  of  the 
nonexistence  of  a  lode,  and  a  lode  subsequently  located  within  the 
placer  limits  can  not  be  "known  to  exist"  at  the  time  of  a  placer 
application  for  patent,  where  it  appears  that  it  was  in  fact  discovered 
in  the  bedrock  when  the  placer  deposits  were  removed  by  extensive 
work  long  subsequent  to  the  patent  application. 

Barnard  Realty  Co.  v,  Nolan,  215  Fed.,  996,  p.  998. 

TITLE   TO    KNOWN   LODES. 

Known  lodes,  though  unidentified  and  mdefinite,  are  excepted  and 
excluded  from  placer  patents,  and  title  to  them  remains  in  the  United 
States,  and  at  any  time  thereafter  they  may  be,  by  strangers  to  the 
patent,  possessed,  located,  and  patented  as  any  other  lode  upon 
public  lands. 

Barnard  Realty  Co.  v.  Nolan,  215  Fed.,  996,  p.  999. 

KNOWN   LODES — ^JUDGMENT   QUIETING   TITLE. 

A  decree  in  an  action  to  quiet  title  to  a  placer  location  as  against 
conflicting  lode  claims  is  not  res  judicata  in  respect  to  the  United 
States  and  persons  not  parties,  and  such  persons  can  relocate  the 
lodes  and  relitigate  the  issue  over  and  over,  and  if  no  title  as  to  such 
known  lodes  passes  by  the  placer  patent  it  must  remain  wholly  in 
the  United  States  and  neither  laches  nor  limitations  can  vest  title 
in  the  placer  patentee. 

Barnard  Realty  Co.  v.  Nolan,  215  Fed.,  996,  p.  1000. 
APPLICATION    FOR    PLACER    PATENT — OWNERSHIP    OF    KNOWN    LODES. 

YSTiere  lodes  known  to  exist  are  excepted  from  a  placer  grant,  title 
to  them  continues  in  the  United  States  and  they  are  open  to  location 
as  lodes  in  public  land  by  third  persons  at  any  time. 

Clark  Montana  Realty  Co.  v.  Ferguson,  218  Fed.,  959„  p.  963. 
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APPLICATION  FOE  FLAGEB  PATENT — KNOWN  LODES   EXCEPTED. 

In  an  application  for  a  placer  patent  the  Land  Department  requires 
evidence  as  to  the  character  of  the  land,  and  if  the  proof  shows  the 
existence  of  known  lodes  within  a  placer  claim  the  applicant  is  re- 
quired to  survey  them  and  if  not  claimed  and  included  in  his  appli- 
cation he  is  required  to  exclude  them  and  may  then  enter  and  pay 
for  the  net  area  of  his  placer  claim  and  the  patent  conveys  to  him  the 
net  area  alone;  but  if  the  proof  shows  there  are  no  known  lod^ 
existing  within  the  placer  limits  the  applicant  enters  and  pays  for 
the  entire  area  of  his  placer  claim  and  patent  issues  covering  the 
whole  thereof.  The  law  does  not  authorize  the  Land  Department 
to  insert  in  a  patent  an  exception  as  to  the  existence  of  lodes  within 
the  placer  limits  broader  than  the  law  imphes. 

Clark-Montana  Realty  Co.  v.  Ferguson,  218  Fed.,  959,  p.  963. 

't  • 

ANNUAL  LABOR  ON   LODE   CLAIMS   WTTHIN  PLACER   LIMTTS. 

Proof  of  the  annual  labor  made  in  good  faith  on  lode  locations 
within  placer  limits  is  immaterial  on  the  question  of  the  knowledge 
of  the  existence  of  the  lodes  at  the  time  of  the  placer  apphcation. 

Clark-Montana  Realty  Co.  v.  Fei:g:u8on,  218  Fed.,  959,  p.  964. 

EFFECT  OF  PATENT  FOR  LODE  ON  PLACER  CLAIM. 

Subsequent  patents  for  lode  claims  within  the  limits  of  a  patented 
placer  claim  are  immaterial  on  the  question  of  the  knowledge  of  the 
existence  of  such  lodes  at  the  time  of  the  placer  application,  and  the 
lode  patents  are  not  evidence  of  the  known  existence  of  such  lodes 
at  the  time  of  the  placer  patent. 

Clark-Montana  Realty  Co.  v.  Ferguson,  218  Fed.,  959,  p.  965. 

PATENTS. 
PATENT   FOR  MINING  CLAIMS — ^PRESUMPTIONS. 

When  a  mining  claim  has  been  duly  patented  the  conclusive  pre- 
sumption is  that  there  was  a  discovery  found  within  the  limits  of  the 
patented  claim^  that  the  land  was  properly  located  and  the  bound- 
aries of  the  claim  so  marked  on  the  grotmd  as  to  embrace  not  exceed- 
ing 300  feet  on  each  side  of  the  middle  of  the  vein,  and  not  exceeding 
1,500  feet  in  length  along  the  vein,  and  that  all  preliminary  and  pre- 
cedent acts  necessary  to  authorize  and  justify  the  issuance  of  the 
patent  had  been  performed  as  the  law  required. 

Stewart  Mining  Co.  v.  Bourne,  218  Fed.,  327,  p.  328. 
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PLACER  PATENT — BURDEN   OF   PROOF   AS   TO   LODES. 

After  the  issuance  of  a  patent  for  a  placer  claim  a  third  person 
claiming  the  existence  of  a  known  lode  within  the  placer  limits  has 
the  burden  of  proving  that  such  lode  was  known  to  exist  when  the 
placer  patent  was  applied  for  and  the  proof  must  be  clear  and  con- 
vincing, in  quality  and  quantity  that  inspires  confidence  and  produces 
conviction. 

('lark-MoDtana  Realty  Co.  v.  Ferguson,  218  Fed.,  959,  p.  963. 

STATUTES  RELATING  TO  MINING  OPERATIONS. 

CONSTBUCTION,   VALIDITY,   AND  EFFECT. 

OHIO  *'run-of-mine''  act. 

The  objects  of  the  Ohio  ''run-of-mine"  or  antiscreen  coal  mine  law 
of  1914  were  to  eliminate  the  objections  to  the  *'run-of-mine"  basis 
of  payment  to  miners  and  to  enact  a  system  fair  alike  to  employer  and 
miner.  The  first  section  provides  for  the  payment  of  the  miners 
according  to  the  total  weight  of  coal  in  a  mine  car  as  removed  from 
the  mine,  with  the  percentage  of  impurities  to  be  determined  by  the 
industrial  conmiission  of  the  State;  and  operators,  under  the  pro- 
visions of  the  second  section,  are  not  obliged  to  compensate  miners  for 
everything  sent  out  in  mine  cars,  but  the  percentage  of  impurities 
as  determined  by  the  industrial  commission  is  to  be  excluded  from 
the  calculation;  and  while  the  industrial  commission  is  authorized  to 
determine  the  percentage  of  impurities  and  enforce  its  orders  relating 
thereto,  yet  the  ascertainment  of  the  commission  is  not  a  limitation 
upon  the  right  of  the  operators  and  miners  to  agree  upon  deductions  of 
their  own  arrangements  as  to  the  amount  of  slate,  sulphur,  rock,  or 
dirt,  and  they  may  substitute  their  own  agreement  in  that  respect 
instead  of  that  of  the  commission.  The  law  does  not  prevent  the 
operators  from  screening  their  coal  as  they  see  fit  for  other  purposes 
and  fit  it  for  market  in  such  wise  as  they  may  deem  advisable;  but 
the  provision  for  screening  is  for  the  purpose  only  of  calculating  the 
amount  to  be  paid  miners  for  mining  coal.  The  statute  does  not 
make  the  orders  of  the  industrial  commission  final  or  conclusive,  but 
makes  them  only  prima  facie  reasonable,  and  operators  are  entitled, 
upon  petition,  to  a  hearing  upon  the  reasonableness  of  any  order  and 
are  given  the  right  to  bring  an  action  in  the  supreme  court  to  test  the 
reasonableness  or  vahdity  of  any  such  order.  The  statute  is  not  un- 
constitutional as  unduly  abridging  the  freedom  of  contract  in  pre- 
scribing the  particular  method  of  compensation  to  be  paid  by  operators 
to  miners  for  the  production  of  coal,  under  the  constitution  of  Ohio, 
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which  provides  that  laws  may  be  passed  '*  for  the  regulation  of  methods 
of  mining,  weighing,  measuring,  and  marketing  coal,  oil,  gas,  and 
other  minerals." 

Rail  &  River  Co.  v.  Yaple  (Ohio  Induatrial  CommiaBion),  236  U.  S.,  338,  p.  346. 
STATUTORY  PROVISION   NOT  VARIED   BY  A   CUSTOM. 

While  the  duties  and  liabilities  of  a  mine  operator  and  a  miner 
may  sometimes  depend  upon  a  custom  of  the  mine  where  there  is  no 
statute  covering  the  subject,  yet  where  a  statute  speaks  on  the  sub- 
ject the  terms  of  the  statute  can  not  be  modified  by  proof  of  a  cus- 
tom contravening  the  statute ;  and  accordingly  where  a  statute  im- 
poses upon  the  mine  operator  the  duty  of  furnishing  props  and  caps 
only  after  the  miner  has  selected  and  marked  the  same  an  injured 
miner  in  an  action  for  damages  can  not  prove  a  custom  of  the  mine 
by  which  the  mine  operator  furnished  the  props  and  caps  without 
such  marking,  as  a  custom  of  the  mine  contrary  to  the  provisions 
of  the  statute  is  void,  the  very  purpose  of  the  statute  being  to  do 
away  with  uncertain  conditions  and  to  prescribe  with  reasonable  cer- 
tainty the  duties  and  liabilities  of  the  mine  owner  and  of  the  miner. 

Palmer  v.  Empire  Coal  Co.  (Kentucky),  172  Southwestern,  97,  p.  98,  January,  1915. 

STATUTE — WORDS   CHANGED. 

In  section  2739b  of  the  Kentucky  statutes,  requiring  mine  operators 
to  provide  and  furnish  the  miners  a  sufficient  number  of  caps  and 
props  and  requiring  the  miners  to  keep  the  roof  propped,  the  word 
'* worked"  should  be  '* marked"  and  the  words  ''the  same"  foDowing 
refer  to  the  caps  and  props,  so  that  the  latter  clause  of  the  statute 
would  read,  ''it  is  the  duty  of  said  miners  to  keep  the  roof  propped, 
after  the  miner  has  selected  and  marked  the  caps  and  props.*' 

Palmer  v.  Empire  Coal  Co.  (Kentucky).  172  Southweetem,  97,  p.  98,  January,  1915. 

COMMON-LAW   RIGHTS   ABOLISHED. 

The  mining  statute  of  West  Virginia  transfers  liability  which  the 
common  law  would  impose  upon  the  operator  of  a  mine  to  the  shoul- 
ders of  the  mine  foreman  and  abrogates  the  common-law  right  of  action 
of  the  injured  miner  against  the  mine  operator;  and  this  imposition 
of  liability  upon  the  mine  foreman  is  in  derogation  of  his  common- 
law  right  of  service  without  it,  and  the  abrogation  of  the  injured 
servant's  right  of  action  against  the  mine  operator  is  also  in  deroga- 
tion of  his  common-law  right  as  an  employee,  and  the  statute  accord- 
ingly ought  not  and  can  not  have  a  construction  and  effect  beyond 
that  clearly  indicated  by  its  terms. 

Crockett  v.  Black  Wolf  Coal  &  Coke  Co.  (Weet  Virginia),  83  Southeastern,  987,  p.  988, 
December,  1914. 


DECISIONS  ON   MINES  AND  MINING.  3& 

< 

IMMUNITY  AFFORDED  OPERATOR. 

The  immunity  of  employers  of  labor  in  coal  mines,  given  by  the 
statute  providing  for  the  appointment  of  mine  foremen  and  pre- 
scribing their  duties,  is  limited  to  the  duties  so  imposed  upon  each 
mine  foreman  in  express  terms  or  by  clear  implication  arising  out  of 
the  terms  of  the  statute;  but  it  does  not  extend  generally  to  omissions 
or  failure  to  exercise  reasonable  care  and  diligence  to  provide  and 
maintain  suitable  and  safe  machinery,  tools,  and  appliances  for  use 
by  the  miners  as  instrumentalities  in  the  performance  of  their  duties. 

Crockett  v.  Black  Wolf  Coal  <fe  Coke  Co.  (West  Virginia),  83  Southeastern,  987,  p. 
988.  December,  1914. 

REGULATING   MIKES — POLICE    REGULATIONS. 

The  statute  of  Kansas,  chapter  222,  Laws  of  1911,  is  not  uncon- 
stitutional and  invalid  because  compliance  with  the  act  involves  a 
greater  expense  to  mining  companies  than  do  other  statutes  relating 
to  mining  operations,  where  there  is  no  showing  that  the  requirements 
are  confiscatory  or  unreasonable  in  consideration  of  the  object  to  be 
attained;  nor  is  it  unconstitutional  because  the  act  is  discriminatory 
in  that  it  places  burdens  upon  coal-mine  operators,  while  the  operators 
of  lode,  zinc,  gypsum,  and  salt  mines  are  free  from  such  burdens. 

State  V.  Reaser  (EanaaB),  145  Pacific,  838,  p.  839,  January,  1915. 

WASHHOUSES. 

Chapter  222,  Kansas  Laws  of  1911,  requiring  operators  of  coal 
mines  to  maintain  washhouses  in  connection  with  their  mines  is  a 
police  regulation,  and  the  determination  of  the  necessity  and  wisdom 
of  a  police  regulation  rests  with  the  legislature,  and  if  there  is  reason- 
able grounds  for  exercising  such  power  the  courts  should  not  inter- 
fere, and  the  partiduar  act  in  question  contemplated  the  health  and 
comfort  of  the  employees,  and  the  framcrs  of  the  law  wiU  be  presumed 
to  have  been  possessed  of  such  general  knowledge  and  to  have  made 
such  special  investigations  of  the  conditions  at  coal  mines  as  to  them 
was  deemed  necessary  to  justify  the  enactment  of  the  statute. 

State  V.  Reaser  (Kansas),  145  Pacific,  838,  p.  839,  Januar>%  1915. 

GUARDING   SHAFTS   AND   DRIFTS — ^DITCHES    NOT   INCLUDED. 

The  stataite  of  Montana  declaring  a  penalty  for  sinking  any  shaft 
or  running  any  drift  or  cut  without  guarding  it  does  not  include  a 
trench  or  sewer  in  a  city  for  the  purpose  of  laying  sewer  pipe. 

McLaughHn  v.  Bardsen  (Montana),  145  Pacific,  956,  January,  1915. 
97233"— Bull.  101—15 i 
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RAILBOAD  RIGHT   Or   WAY — TRAM   ROAD   NOT   A   RAIIJlOAI>. 

A  tramway  built  by  a  railroad  company  along  a  steep  mountain 
side  upon  a  steep  grade  with  12-pound  rails,  with  only  20  inches 
between  the  rails,  laid  on  ties  4  by  4  inches  and  4  feet  in  length,  not 
intended  for  use  as  an  ordinary  steam  railroad,  but  intended  to  be 
used  and  in  fact  leased  to  and  operated  by  mine  owners  for  hauling 
ore  from  and  supplies  to  its  mines  from  and  to  steam  railroad  con- 
nections, a  distance  of  less  than  3  miles,  the  only  cars  used  being  ore 
cars  of  2  to  3  tons'  capacity  drawn  up  the  grade  by  horsepower  and 
returned  by  gravity,  is  not  a  railroad  within  the  meaning  of  the  act 
of  Congress  entitled  "An  act  granting  to  railroads  the  right  of  way 
over  the  public  lands  of  the  United  States,"  approved  March  3,  1875 
(18  Stat.,  482),  so  as  to  entitle  the  railroad  company  to  claim  100  feet 
of  ground  on  either  side  of  the  center  of  such  tramway. 

Denver  &  Rio  Grande  Railroad  Oo.  v.  Bolognese  (Utah),  143  Pacific,  129,  p.  132. 
STATUTE   REQUIRING   CASH  PAYMENT   OF   WAGES. 

The  statute  of  Tennessee,  Acts  1913,  chapter  29,  making  it  a  mis- 
demeanor punishable  by  fine  if  a  coal  company  or^  other  corporation 
operating  a  supply  store  in  connection  with  its  business  fails  to  pay 
in  cash  its  employees  at  stated  periods  the  wages  due  them,  is  in  vio- 
lation of  the  constitutional  provision  to  the  effect  that  the  legislature 
shall  pass  no  law  authorizing  imprisonment  for  debt  in  civil  cases,  as 
the  act  while  not  directly  authorizing  imprisonment  for  debt,  does 
attempt  to  create  a  criane  for  the  failure  to  pay  in  cash,  and  for  such 
crime  provides  a  penalty,  which  may  or  may  not  be  followed  by  im- 
prisonment, and  is  an  indirect  imposition  of  imprisonment  for  the 
nonpayment  of  debt,  and  is  therefore  clearly  within  the  constitu- 
tional inhibition. 

State  V.  Pend  (Tennessee),  170  Southwestern,  56,  October,  1914. 

STATUTE   PROHIBrriNG  THE   ISSUE   OF   SCRIP  IN  PATMENT   FOR 

SERVICES. 

The  statute  of  West  Virginia  prohibiting  under  penalty  any  cor- 
poration, company,  or  person  from  issuing  or  giving  to  any  employee 
any  scrip,  token,  draft,  check,  or  other  evidence  of  indebtedness, 
payable  or  redeemable  otherwise  than,  in  lawful  money,  and  pro- 
viding that  any  such  scrip,  draft,  check,  or  other  evidence  of  m- 
debtedness  shall  be  taken  and  held  to  be  a  promise  to  pay  the  sum 
specified  therein  in  lawful  money,  is  not  in  violation  of  the  Federal 
Constitution  and  does  not  impose  undue  restrictions  upon  the  hberty 
of  contract  and  does  not  violate  any  constitutional  provision  and  is 
not  an  ilhgitimate  exercise  of  the  State's  police  power;  but  the  statute 
is  constitutional  and  vahd. 

^^Atkins  V.  Grey  Eagle  Coal  Co.  (West  Virginia),  84  SoutheaBtem,  906,  p.  907,  March, 
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INSPECmON   OF  ILLUMINANT8   USED   IN   MINES. 

The  Alabama  statute  of  1911,  Acts  of  1911,  p.  568,  entitled  an  act 
"to  regulate  the  inspection  and  use  of  iUuminants  in  mines  in  the 
State  of  Alabama  and  sales  of  iUuminants  for  use  in  mines,''  is  not 
in  conflict  with  section  77  of  the  constitution  of  Alabama  which  pro- 
vides that  no  State  office  shall  be  continued  or  created  for  the  in- 
spection or  measuring  of  any  merchandise  or  commodity,  but  permits 
any  county  or  municipality  to  appoint  such  officers  when  authorized 
by  law,  as  this  constitutional  provision  was  not  designed  to  prevent 
the  conferring  upon  and  the  exercise  by  State  officers  all  inspecting 
powers,  but  to  prevent  the  legislature  from  creating  and  continiiing 
any  State  office  for  that  purpose  and  it  was  not  the  purpose  of  the  pro- 
vision to  prevent  the  inspection  of  commodities  but  to  prevent  the 
creataon  of  offices  solely  for  that  purpose,  where  the  statute  does  not 
create  any  office  whatever  but  provides  for  the  inspection  of  iUumi- 
nants by  the  State  mine  inspector,  an  office  created  long  before  the 
enactment  xmder  consideration. 

Wo£Eord  Oil  Co.  v.  Bui?^  (Alabama)  66  Southern,  931,  p.  932,  December,  1914» 
Buigm,  Ex  parte  (Alabama),  68  Soutnem,  49,  January,  1915. 

REPEAL  OF   INSPECTION  ACT. 

The  statute  of  Alabama,  Acts  of  1911,  page  568,  entitled  an  act 
"To  regulate  the  inspection  and  use  of  iUuminants  in  mines  in  the 
State  of  Alabama  and  sales  of  iUuminants  for  iise  in  mines,"  revises 
the  whole  subject  matter  of  the  local  act  of  1901,  page  1249,  and 
must  be  construed  as  intending  to  set  up  a  new  system  of  inspection 
and  as  being  designed  as  a  substitute  of  the  former  act,  and  accord- 
mgly  repeals  the  same. 

Wofford  OH  Co.  v.  Burgin  (Alabama),  66  Southern,  931,  p.  932,  December,  1914. 
Buigin,  £x  parte  (Alabama),  68  Southern,  49,  January,  1915. 

REGXJTLATION   OP   NATURAL-GAS   RIGHTS. 

The  fixing  of  rates  to  be  charged  by  public-service  corporations 
to  their  customers  in  West  Virginia  is  not  an  xmlawful  regulation  of 
iosterstate  commerce,  as  the  regulation  of  companies  engaged  in  the 
transportation  of  gas  is  expressly  excluded  from  the  scope  of  the 
interstate  commerce  statute;  but  neither  the  statute  of  West  Vir- 
ginia nor  the  orders  of  the  public-service  commission  purport  to 
interfere  in  any  maimer  with  the  transportation  of  natural  gas  from 
that  State  to  other  States,  and  the  statute  does  nothing  except  regu- 
late prices  of  natural  gas  to  the  citizens  of  West  Virginia,  charged 
by  corporations  operating  in  that  State  under  State  authority;  but 
the  interflow  of  gas  from  Ohio  and  Pennsylvania  into  West  Virginia, 
or  out  of  West  Virginia  into  Ohio  and  Pennsylvania,  according  to 
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the  pressure  from  the  main  gas  pipes,  as  common  reservoirs,  can  not 
affect  the  power  of  the  State  of  West  Virginia  to  make  reasonable 
regulations  as  to  rates  for  gas  furnished  to  its  own  citizens. 

Manufacturers*  Light  <fe  Heat  Co.  v,  Ott,  215  Fed.,  940,  p.  944. 

PUBLIC-SEEVICE   COMMISSION — DUTY  AS  TO   OIL   AND   GAS. 

In  the  public-service  commission  of  the  State  of  West  Virginia 
the  legislature  of  the  State  has  not  delegated  its  legislative  power, 
but  merely  provided  an  agency  for  carrying  out  the  legislative 
scheme  with  reference  to  pubUc-service  corporations,  and  the  legis- 
lature may  require  of  such  coiomission  the  application  of  general 
rules  to  particular  situations  and  the  investigation  of  facts,  with  a 
view  to  making  orders  in  a  particular  matter. 

Manufacturere'  Light  &  Heat  Co.  v.  Ott,  215  Fed.,  940,  p.  943. 

PUBLIC-SERVICE    COMMISSION — GAS   COMPANIES. 

The  term  '*gas  companies"  used  in  the  public-service  commission 
ac^  of  West  Virginia,  embraces  companies  furnishing  natural  gas, 
and  the  statute  was  enacted  in  view  of  the  fact  that  a  very  large 
part  of  the  gas  consumed  in  the  State  was  natural  gas. 

Manufacturers'  Light  &  Heat  Co.  v.  Ott,  215  Fed.  940,  p.  944. 

INTERSTATE   SHIPMENT  OF  OIL — ^INSPECTION — INJUNCTION. 

An  injimction  will  ho  under  the  statute  of  North  Dakota  for  the 
inspection  of  oil  to  prevent  the  State  oil  inspector  from  holding  up 
oil  in  transit  from  other  States  into  North  Dakota,  for  nonpayment 
of  inspection  fees,  where  such  fees  are  materially  in  excess  of  the 
amount  necessary  to  pay  the  expenses  of  inspection. 

Barters  Nortliem  Oil  Co.  v.  Jackman  (North  Dakota),  150  Northwestern,  576,  p. 

579,  Januar>%  1915. 

INSPECTION   OF   OIL   IN   TRANSIT — FEES    INVALID. 

The  statute  of  North  Dakota  providing  for  the  inspection  of  oil 
during  transit,  brought  from  other  States  into  North  Dakota,  and 
fixing  the  fee  for  such  inspection  materially  greater  than  the  cost 
thereof,  becomes  not  only  a  police  measure  but  a  revenue  measure, 
and  to  the  extent  that  the  fees  exceed  the  reasonable  necessary  cost 
of  inspection,  the  tax  is  invalid,  as  such  statute  is  in  conflict  wnth 
the  conmiorce  provisions  of  the  Federal  Constitution. 

.o?^J**^'®  ^^\^^J^  ^^  ^^-  ^'  Jackman  (North  Dakota),  150  Northweetem,  57G,  p. 

580,  January,  1915.  »         »  *'• 
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PERMITTING  OU.   TO  ESCAPE — PROTECTION  OF  STATUTE. 

A  statute  of  Indiana,  section  9062,  Bum's  Annotated  Statutes, 
1914,  requires  oil  and  gas  produced  from  wells  to  be  safely  and 
securely  confined  in  wells,  pipes,  or  other  safe  and  proper  receptacles, 
and  the  purpose  of  the  statute  is  to  require  persons  producing  live 
oil  from  wells  securely  and  safely  to  confine  it  in  receptacles  on  their 
premises  to  prevent  its  escape;  and  a  person  operating  a  dredge  in 
the  construction  of  a  public  ditch  or  drain  is  entitled  to  the  benefit 
of  the  provisions  of  this  act;  and  an  oil-producing  corporation  that 
permitted  its  oil  to  escape  from  a  tank  where  it  was  stored,  and  flow 
down  into  such  ditch,  against  and  around  the  dredge,  is  liable  to 
the  owner  of  such  dredge  where  it  was  destroyed  by  reason  of  the 
oil  accidently  taking  fire  from  the  fire  on  the  dredge,  even  in  the 
absence  of  any  question  or  allegation  of  negligence. 

Rock  Oil  Co.  V.  Brumbaugh  (Indiana  Appeals),  108  Northeastern,  260,  p.  263, 
March,  1915. 

See  Commercial  Union  Assurance  Co.  v.  Gulf  Refining  Co.  (Texas  Civil  Appeals), 
174  Soutiiwestem,  874,  March,  1915. 

OPERATION    OP    WOBKMEN's    COMPENSATION    LAW — ALLOWANCE    FOB 

INJURY. 

In  an  action  by  a  miner  under  the  workmen's  compensation  act 
of  Kansas  (Laws  1911,  chap.  218;  amended,  Laws  1913,  chap.  216), 
where  the  evidence  showed  that  the  miner's  arm  was  broken  and  the 
freedom  of  its  movement  was  permanenUy  impau-ed,  restricting  his 
activity  in  the  occupation  in  which  he  was  engaged  and  in  which  he 
was  earning  $17.50  a  week,  the  court  found  the  plaintiff  had  suffered 
a  total  disability  for  six  months  following  the  accident  and  allowed 
him  8210  on  that  account,  with  an  additional  allowance  of  $1,014 
based  upon  the  finding  of  partial  disability  for  a  period  of  six  and  one- 
half  years;  and  under  the  statute  it  is  within  the  discretion  of  the 
trial  court  to  make  the  judgment  for  a  lump  sum  or  for  periodical 
payments,  and  where  there  is  no  abuse  of  this  discretion  the  judg- 
ment will  not  be  interfered  with  on  appeal. 

Cain  V.  National  Zinc  Co.  (Kansas),  148  Pacific,  1165,  March,  1915. 
njLIKOIS  MINING   ACT — EFFECT   OF  WORKMEN'S   COMPENSATION  ACT. 

Section  1  of  the  compensation  act  of  Illinois  makes  it  optional  with 
both  the  coal-mine  operator  and  the  miner  whether  or  not  they  will 
accept  the  provisions  of  the  act,  and  the  appUcation  of  such  act  being 
optional  with  either  or  both  parties,  the  compensation  act  did  not 
repeal  the  mining  act  and  does  not  deprive  an  injured  miner  of  a 
right  of  action  under  the  Illinois  mining  act  for  injuries  sustained  by 
reason  of  the  failure  of  a  coal-mine  operator  to  comply  with  the  pro- 
visions of  the  mining  act. 

Eldorado  Coal  <&  Mining  Co.  v.  Mariotti,  215  Fed.,  51,  p.  55. 
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STATT7TOBY  BIGHTS  AND  DUTIES. 
IdlNINQ   RIGHTS   ACQUIRED   UNDER   STATUTE — PROTECTION. 

The  statute  of  Missouri,  section  8409,  Revised  Statutes  of  1909, 
provides  that  when  an  owner  or  lessee  of  real  estate  permits  another 
to  enter  and  dig  for  lead  ore  or  other  minerals  thereon  with  hi^  con- 
sent, and  such  persons  having  in  good  faith  dug  or  opened  any  shaft, 
mine,  or  deposit  of  mineral,  or  extended  or  opened  from  any  shaft  or 
mine  any  room,  drift,  or  entry,  such  person  shall  have  the  exclusive 
right  as  against  the  owner  to  continue  the  work  and  mine  and  dig 
such  shaft  or  deposit  of  mineral,  and  the  statute  protects  a  person,  as 
against  an  action  of  ejectment  by  the  landowner,  who  with  the 
knowledge  of  such  owner,  and  under  an  agreement  with  the  lessee 
of  the  original  owner,  entered  upon  a  part  of  the  leased  premises  and 
engaged  in  mining  in  good  faith,  opened  shafts  and  extended  and 
operated  shifts  therefrom  and  assembled  machinety  for  carrying  on 
mining  operations,  as  such  person  acquired  a  mining  right  under  the 
statute  and  is  not  a  trespasser,  though  the  lessee  on  whose  consent 
and  agreement  such  person  entered  upon  the  mining  property,  for- 
feited the  lease. 

'  G.  M.  Mining  Co.  v.  Hodge  (MIbboutI  Appeals),  170  Southwestern,  689,  November, 
1914. 

DX7TIES  IMPOSED  ON  OFEBATOB. 
DUTY  TO  rUBNISH   PBOPS — HEADERS   INCLUDED   IN   STATUTE. 

The  statute  of  Kentucky,  section  2739b,  subsection  7,  requires  the 
owner  or  operator  of  every  mine  to  provide  and  furnish  to  the  miners 
a  suflScient  number  of  caps  and  props.  Tlie  props  referred  to  are 
upright  posts  wedged  between  the  roof  and  the  flooring  to  support 
the  roof,  while  a  cap  is  a  square  piece  of  plank  or  block  wedged  be- 
tween the  top  of  the  posts  and  the  roof  to  better  hold  the  roof,  while 
''headers''  are  longer  pieces  of  plank  extending  over  more  of  the  roof 
and  supported  by  two  props,  one  at  each  end,  and  by  the  use  of  the 
header  a  larger  area  of  roof  can  be  held  secure  with  fewer  props,  and 
in  this  way  serves  the  purpose  of  a  cap;  the  use  of  headers  being 
customary  and  frequently  necessary,  they  are  necessarily  embraced 
within  the  materials  named  in  the  statute;  and  a  mine  operator  may 
bo  liable  for  failure  to  furnish  a  header  when  requested  by  a  miner 
as  for  a  violation  of  the  statute. 

Big  Branch  Coal  Co.  v.  Wrenchie  (Kentucky),  170  Southwestern,  14,  p.  16.  Novem- 
ber, 1914. 

PROVIDING   SAFE   PLACE. 

One  of  the  positive  duti^  which  the  statute  of  Oklahoma  imposes 
upon  a  coal-mine  operator  is  to  exercise  care  to  provide  a  reasonably 
safe  place  for  his  miners  to  work,  and  the  degree  of  care  demanded  of 
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him  depends  upon  the  natural  dangers  incident  to  the  employment  ;- 
and  this  means  that  a  greater  degree  of  care  is  required  of  a  master 
who  is  a  coal  operator  workmg  his  servants  in  a  mine  imderground, 
than  of  a  master  who  requires  his  servants  to  work  in  a  less  hazard- 
ous occupation  out  in  the  open;  and  the  failure  of  a  mine  owner  to 
discharge  this  positive  duty  constitutes  primary  n^ligence  and  ren- 
ders him  liable  for  any  injury  resulting  therefrom. 

Rock  iBland  Goal  Mimng  Co.  v.  Davis  (Oklahoma),  144  Pacific,  600,  p.  605,  Decem- 
ber, 1914. 

The  mine-foreman  statute  of  West  Virginia  does  not  absolve  the 
mine  owner  or  operator  from  his  common-law  duty  to  exercise  reason- 
able care  to  provide  reasonably  safe  machinery,  tools,  and  appliances 
for  use  in  the  mine,  and  make  the  mine  a  reasonably  safe  place  for 
work,  except  in  so  far  as  this  duty  is  devolved  upon  the  mine  foreman; 
nor  does  it  absolve  him  from  liabiUty  for  injury  resulting  to  a  miner 
in  the  mine  from  the  operator's  failure  to  make  such  provision,  or 
his  provision  of  defective  or  unsafe  appliances,  or  his  failure  of  duty 
as  to  the  safety  of  the  mine  as  a  place  of  work  in  those  instances  in 
which  such  duty  is  not  cast  upon  the  mine  foreman. 

Crockett  v.  Black  Wolf  Coal  &  Coke  Co.  (Weet  Virginia),  83  Southeastern,  987, 
p.  988,  December,  1914. 

DUTY  TO  TIMBEB  MINE. 

The  statute  of  Oklahoma  makes  it  the  positive  duty  that  the 
owner  of  a  mine  owes  to  his  miners,  after  the  mine  is  opened  and  tim- 
bered, to  use  reasonable  care  and  diligence  to  see  that  the  timbers 
are  properly  set  and  to  keep  them  in  proper  condition  and  repair, 
and  for  this  purpose  he  is  required  to  provide  a  competent  mine  boss 
or  foreman,  to  make  timely  inspection  of  the  timbers  as  well  as  the 
roofs  of  the  mine,  to  the  end  that  the  miners  may  not  be  injured  by 
defects  or  dangers  which  a  competent  mining  boss  or  foreman  would 
discover  and  remove. 

Rock  Island  Coal  Mining  Co.  v.  Davia  (Oklahoma),  144  Pacific,  600,  p.  605,  Decem- 
ber, 1914. 

DUTY  TO  PUBNISH  SAFE  APPLIANCES — ^TROLLEY  WIKES. 

The  mining  statute  of  West  Virginia  does  not  place  the  duty  of 
inspection,  oversight,  and  repair  of  the  electrical  troUey  wires  used 
to  communicate  power  for  haulage  purposes  in  the  mine  upon  the  mine 
foreman  and  its  terms  are  not  broad  enough  to  fix  it  upon  him,  in 
respect  to  the  miner  making  actual  use  of  such  appliance,  in  the  dis- 
charge of  the  duties  he  was  performing  under  his  contract  of  employ- 
ment. The  trolley  wire  used  for  the  purpose  of  communicating 
power  i3  an  implement  used  in  the  miner's  work,  and  the  statute 
does  not  say  that  the  mine  foreman  shall  see  that  the  miners  are  pro- 
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vided  with  safe  or  suitable  tools  and  appliances,  and  accordingly  the 
duty  of  maintenance  of  the  safety  of  the  trolley  wire  for  such  purpose 
was  not  devolved  upon  the  mine  foreman.  The  mine  operator  is 
therefore  liable  for  the  death  of  a  miner  caused  by  a  defective  trolley 
wire  and  the  duty  devolves  upon  him  to  inspect  such  wire  and  other 
similar  machinery  and  appliances,  as  a  matter  of  precaution  for  the 
safety  of  his  miners;  and  in  view  of  the  dangerous  character  of  trolley 
wires,  the  law  requires  the  exercise  of  a  high  degree  of  care  and  dili- 
gence in  the  matter  of  inspction  as  well  as  other  duties  respecting  it. 

Crockett  v.  Black  Wolf  Coal  &  Coke  Co.  (West  Virginia),  83  Southeafitem,  987, 
p.  989,  December,  1914. 

OPERATOR  TO  FURNISH  PROPS — DUTY  TO  PROP. 

Subsection  7  of  section  2739b,  Kentucky  Statutes,  provides  that 
the  operator  of  every  mine  shall  furnish  to  miners  a  sufficient  number 
of  caps  and  props  to  be  used  by  miners  in  securing  the  roofs  in  their 
rooms  and  such  other  working  place  whether  by  law  or  custom  of 
those  engaged  in  such  employment  it  is  the  duty  of  the  miners  to 
keep  the  roof  propped ;  but  does  not  by  its  terms  impose  the  duty  of 
propping  the  roof  upon  the  miner  or  mine  operator;  but  this  duty 
may,  by  agreement  or  custom,  be  imposed  upon  either  the  miner  or 
mine  owner  and  proof  of  such  custom  is  admissible,  and  it  is  also 
proper  to  prove  that  the  United  Mine  Workers  of  America,  a  labor 
organization,  had  an  agreement  with  the  mine  operator  by  which  it 
was  the  duty  of  the  machine  operator  to  direct  his  *' loaders"  to  prop 
the  roof  and  if  they  did  not  do  so  and  it  became  dangerous,  the  miner 
should  thereupon  report  it  to  the  boss. 

Old  Dominion  Coal  Co.  v.  Denney  (Kentucky),  169  Southwestern,  1016,  p.  1017, 
October,  1914. 

Borderland  Coal  Co.  i*.  Small  (Kentucky),  170  Southwestern,  8,  p.  9,  November, 
1914. 

DUTY  TO  PROVIDE  SAFE  APPLIANCES — ^DERAILING  SWITCH. 

A  complaint  is  sufficient  if  it  charges  that  the  defect  in  the  condi- 
tion of  the  ways,  works,  machinery,  or  plant  consisted  in  the  negli- 
gent failure  of  the  operator  to  provide  or  maintain  a  dead  latch  or 
derailing  switch  to  derail  the  cars  on  becoming  loose  on  the  incline 
in  the  mine  and  by  reason  of  which  a  trip  of  cars,  being  hauled  up 
the  slope,  became  loose  and  ran  back  down  the  slope  upon  the  miner. 

Burnwell  Coal  Co.  v.  Setzer  (Alabama),  67  Southern,  604,  p.  605,  December,  1914. 

DUTY  TO  FURNISH  SAFE  HAITLAGEWAYS. 

Under  the  general  provisions  of  the  Pennsylvania  statutes  placing 
the  workings  of  a  mine  under  the  mine  foreman's  charge  and  super- 
vision, and  under  certain  special  provisions  to  be  found  in  the  stat- 
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utes,  he  is  responsible  for  all  work  in  the  course  of  the  construction 
of  passagewajB  and  for  their  future  proper  support,  for  the  effect  of 
all  temporary  delay  in  operations  therein  and  for  the  proper  main- 
tenance of  the  appliances  used  in  such  operations;  but  where  a 
tunnel  or  haulageway  has  actually  been  constructed  and  the  track 
laid  for  such  a  considerable  length  of  time  that  the  passageway,  with 
its  equipment,  has  become  a  part  of  the  regular  and  established  plan 
of  the  mine,  and  the  owner  or  operator,  through  the  superintendent, 
has  knowledge  of  the  conditions,  when  such  conditions  are  more  haz- 
ardous than  the  surroundings  require,  even  though  they  do  not  present 
an  immediate  danger,  if  it  reasonably  can  be  foreseen  that  in  the 
operation  of  the  mine  they  are  such  as  may  well  result  in  injuries  to 
miners,  then  it  is  the  duty  of  the  owner  or  operator  to  have  them 
changed  and  made  more  safe,  and  the  failure  so  to  do  is  negligence 
that  will  give  rise  to  a  liability  on  the  part  of  the  operator. 

WatBon  V.  Monongahela  River  Consolidated  Coal  &  Coke  Co.  (Pennsylvania),  93 
Atlantic,  625^  p.  627,  January,  1915. 

DUTY  TO  MAINTAIN  PASSAGEWAYS. 

The  act  of  1891  of  Pennsylvania  provides  that  all  passageways  in 
mines  shall  be  made  of  sufficient  width  to  permit  persons  to  pass 
moving  cars  in  safety,  and  provides  that  mine  owners  shall  place  the 
underground  workings,  and  all  that  is  related  to  the  same,  under  the 
chaise  and  daily  supervision  of  a  competent  person  who  shall  be 
called  "mine  foreman;"  and  the  statute  defines  ** workings"  as 
embracing  all  the  excavated  parts  of  a  mine,  which  necessarily 
includes  passageways.  The  act  of  1893  contains  provisions  concern- 
ing the  mine- foreman  and  his  duties  which  indicate  that  passageways 
are  under  his  general  control,  and  this  statute  fixes  him  with  certain 
express  duties  in  connection  therewith;  but  there  is  nothing  aside 
from  the  part  of  the  act  which  deals  with  the  width  of  entries  at  places 
where  spragging  is  necessary  and  also  providing  that  where  there  is 
a  space  4  feet  between  the  car  and  rib,  it  shall  be  sufficient  for 
shelter;  but  these  do  not  show  a  legislative  intent  to  prescribe  a 
statutory  width  for  passageways  and  accordingly  in  bituminous  mines 
the  common-law  obligation  is  upon  the  owner  or  operator  to  have  a 
proper  width  iix  all  established  passageways,  according  to  the  neces- 
sities of  each  particular  place,  and  this  obligation  is  to  the  same  extent 
as  though  the  duty  had  been  expressed  in  the  act  of  1893  as  in  the 
act  of  1891. 

Watson  V.  Monongahela  River  Consolidated  Coal  &  Coke  Co.  (.Pennsylvania),  93 
Atlantic,  625,  p.  627,  January,  1915. 
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DUTY  TO   MAINTAIN    SAFE   PLACE — EXCEPTION. 

The  rule  that  an  employer  must  exercise  reasonable  care  to  lumish 
his  employeas  a  reasonably  safe  place  in  which  to  work  does  not 
apply  to  the  operator  of  a  quarry  and  does  not  render  him  liable  for 
negligence  in  failing  to  exercise  such  care  where  the  very  work  which 
the  employee  is  employed  in  doing  is  of  such  a  nature  that  its  prog- 
ress constantly  produces  changes  in  the  conditions  and  surroundings, 
and  consequently  the  hazards  arising  therefrom,  to  which  the  em- 
ployee is  exposed,  are  regarded  as  the  ordinary  dangers  of  his  employ- 
ment and  as  such  assumed  by  him. 

Loaaj980  v.  Jones  Brothers*  Co.  (Vermont),  93  Atlantic,  266,  p.  269,  February,  1915. 
INSPECTION   AND   VENTILATION QUESTION   OF   FACT. 

Section  4986,  General  Statutes  of  Kansas,  1909,  requires  all  mines 
generating  fire  damp  to  be  kept  free  from  standing  gas  and  that 
every  working  place  shall  be  carefully  examined  every  morning  with 
a  safety  lamp  by  a  competent  person  before  any  miner  is  allowed  to 
enter  therein.  Section  5005,  General  Statutes  of  Kansas,  1909, 
makes  similar  requirements  and  provides  also  that  the  hydrogen  or 
fire  damp  generated  in  working  places  must  be  diluted  and  rendered 
harmless  before  miners  are  permitted  to  enter  such  places  with  a 
naked  light.  The  manifest  object  of  these  sections  was  to  prohibit 
miners  from  injuries  as  well  as  from  fatalities,  and  it  is  a  well- 
recognized  fact  that  while  mines  containing  '^horsebacks''  often 
manifest  the  presence  of  gas  in  a  comparatively  slight  degree,  never- 
theless in  other  instances  gas  is  present  in  such  amounts  that  ignition 
would  mean  serious  injury,  and  in  such  cases  it  is  a  question  of  fact 
to  be  determined  by  the  jury  as  to  whether  or  not  a  mine  operator 
knows  that  the  mine  is  generating  fire  damp  or  has  been  generating 
it  in  such  quantities  as  to  make  a  reasonable  person  know  that  it  was 
doing  so. 

Ward  V,  Mackie  Fuel  Co.  (Kansas),  146  Pacific,  1138,  March,  1915. 

DUTIES  IMPOSED   ON  MINEB. 

REQUEST   FOR   PROPS — ^MAKINO   WORKING   PLACE   SAFE. 

Section  2489-16a  of  the  Code  Supplement  of  1913  of  Iowa  imposes 
upon  each  miner  in  a  mine  the  duty  to  examine  his  working  place 
and  prohibits  him  from  commencing  to  mine  or  load  coal  or  other 
material  until  such  place  is  made  safe,  and  requires  each  miner  to 
securely  prop  and  timber  the  roof  of  his  working  place  and  requires 
him  to  prop  or  timber  any  draw  slate  or  other  like  material  before 
working  under  the  same  and  imposes  upon  him  the  duty  of  making 
a  request  on  the  operator  for  suitable  timbers  and  props;   and  these 
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duties  are  continuing  duties  and  rest  upon  the  miner  regardless  of 
whether  the  operator  has  suppUed  him  with  suitable  props  or  not, 
and  he  must  not  permit  his  attention  to  be  diverted  to  any  other 
work  miiil  he  has  made  the  examination  and  inspection  required; 
and  he  is  positively  forbidden  to  commence  to  mine  or  load  coal  until 
his  working  place  is  made  safe;  but  this  statute  does  not  make  the 
miner  an  insurer  of  the  safety  of  the  mine,  regardless  of  any  breach  of 
duty  on  the  part  of  the  operator.  The  term  "safe,"  as  used  with 
reference  to  the  miner's  working  place,  is  necessarily  a  relative  one, 
and  by  its  very  meaning  involves  degrees,  and  the  miner  is  not 
required  to  keep  out  of  his  room  because  it  is  not  propped,  but  he  is 
required  to  inspect  it  promptly  and  diligently  and  to  discover  its 
dangers  to  the  extent  that  diligence  will  discover  the  same;  and  in 
the  performance  of  this  duty  he  is  necessarily  exposed  to  danger  and 
if  he  discovers  any  indications  of  its  condition  which  a  reasonably 
prudent  man  would  not  regard  as  safe,  then  his  working  place  is  not 
safe  within  the  meaning  of  the  statute;  but  the  danger  in  such  case 
may  be  potential  only  and  in  the  judgment  of  the  miner  should  be 
propped  up  before  it  becomes  imminent,  and  the  failure  of  the  miner 
to  prop  the  place  of  work,  where  the  danger  is  not  imminent,  will  be 
excused  where  the  operator  fails  to  furnish  the  props  and  timbers 
when  requested  where  it  may  have  been  beyond  the  range  of  ordinary 
diligence,  skill,  and  experience  to  have  discovered  the  danger. 

Edgrpn  v.  Scandia  Coal.  Co.  (Iowa),  151  Northweetem,  519,  p.  521,  March,  1915. 

KEEPING   WORKING   PLACE   SAFE. 

Where  the  condition  in  a  mine,  from  which  the  injury  to  a  miner 
suing  for  damages  is  alleged  to  have  resulted,  was  the  immediate 
product  of  the  progress  of  the  work  in  which  the  miner  was  properly 
engaged,  such  condition  could  not  have  been  a  defect  within  subdivi- 
sion I  of  section  3910  of  the  statute  of  Alabama. 

Sloa»-Sheffield  Steel  &  I^on  Co.  v.  Terry  (Alabama),  67  Southern,  678,  p.  680,  Decem- 
ber, 1914. 

OPERATOB'S   FAILX7BE   TO   COMPLY   WITH   STATTJTOBY  BEGUIiA- 

TIONS. 

.    PROXIMATE   CAUSE   OF   INJURY. 

A  violation  of  the  statute  of  Colorado  by  a  coal  company  in  failing 
to  equip  its  mine  with  a  speaking  tube  or  telephone  connection  as 
required  by  the  statute,  does  not  constitute  actionable  negligence  and 
lender  it  liable  for  the  death  of  a  miner,  where  the  failure  to  so  equip 
the  mine  with  speaking  tubes  or  telephones  in  no  way  contributed  and 
was  not  the  proximate  cause  of  the  miner's  death. 

Colorado  Capitol  Coal  Mining  Co.  v.  Chatfield  <'Colorado>   143  Pacific  1095,  p.  1096. 
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LIABILITY   OF  OPERATOR — PLEADING. 

A  complaint  in  an  action  by  an  injured  miner  under  the  statute 
of  Alabama  is  sufficient  where  in  the  usual  terms  it  avers  the  miner's 
injuries  and  damages  to  have  been  proximately  caused  by  reason  of 
the  negligence  of  a  superintendent  or  superior  in  the  service  and 
employment  of  the  operator,  to  whose  orders  or  directions  the  injured 
miner  was  bound  to  conform  and  did  conform,  which  negligence  con- 
sisted in  this,  that  the  said  superintendent  or  superior  negligently 
allowed  the  work  of  the  injured  miner  to  be  performed  in  a  manner 
dangerous  to  the  safety  of  the  miner  and  negligently  ordered  the 
miner  to  place  a  plank  or  piece  of  timber  upon  which  steam  shovels 
or  wheels  were  to  run,  and  in  conforming  to  the  order  a  wall  of  ore 
and  clay  near  which  the  miner  was  Engaged  in  the  performance  of  his 
duty  at  the  time  of  the  injury  was  insecure  and  unsafe,  so  that  a 
large  embankment  therefrom  fell  upon  the  miner,  injuring  him. 

Sloss-Sheflaeld  Steel  &  Iron  Co.  v.  Terry  (Alabama),  67  Southern,  678,  p.  680, 
December,  1914. 

FAILURE   TO   COMPLY — PROXIMATE    CAUSE. 

The  mere  noncompliance  with  a  positive  statute  on  the  part  of  a 
mine  operator  or  manager  is  not  sufficient  to  entitle  a  miner  to 
recover  damages  for  injuries  sustained,  unless  the  noncompliance 
with  the  statute  is  the  proximate  cause  of  the  injury,  and  unless  a 
compliance  with  the  statute  would  have  avoided  the  accident  and 
saved  the  miner  from  injury. 

Ryan  v.  Manhattan  Big  Four  Mining  Co.  (Nevada),  145  Pacific,  907,  p.  911,  Decem- 
ber, 1914. 

operator's   DISREGARD   OF    STATUTE. 

A  miner  by  using  the  means  provided  by  a  mine  operator  or  man- 
ager is  not  guilty  of  contributory  negligence,  and  mere  contributory 
negligence  in  this  respect  on  the  part  of  the  miner  wiU  not  defeat  a 
right  of  recovery  where  he  is  injured  by  the  willful  disregard  of  a 
positive  statute,  either  by  an  act  of  omission  or  commission  on  the 
part  of  the  mine  operator  or  manager. 

Ryan  v.  Manhattan  Big  Four  Mining  Co.  (Nevada),  145  Pacific,  907,  p.  910,  Decem- 
ber, 1914. 

FAILURE  TO   GUARD   MACHINERY — ^PROXIMATE   CAUSE. 

A  coal-mining  plant  is  an  establishment  within  the  meaning  of  the 
statute  of  West  Virginia  requiring  operators  in  manufacturing, 
mechanical,  and  other  establishments  where  machinery,  belting, 
shafting,  gearing,  drums,  and  elevators  are  so  arranged  and  placed 
as  to  be  dangerous  to  persons  employed,  to  safely  and  securely  guard 
such  machinery  when  possible,  and  if  not  possible,  then  notice  of  the 
danger  must  be  conspicuously  posted.     This  statute  was  intended  to 
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guard  against  injuries  to  employees  by  coining  in  direct  contact  with 
machinery,  belting,  shafting,  gearing,  drums,  and  elevators  in  the 
establishment,  but  does  not  apply  to  injuries  arising  indirectly  from 
any  such  conditions;  and  a  miner  injured  by  material  falling  down 
the  shaft  of  a  mine  can  not  recover  as  for  an  alleged  violation  of  this 
statute  on  the  ground  that  the  cage  used  in  lowering  and  hoisting 
materials  in  the  mine  was  not  properiy  secured,  as  the  statute  does 
not  provide  that  mine  hoists  or  elevators  shall  be  guarded  when 
carrying  coal  and  other  materials  to  keep  them  from  falling  inside 
the  shaft;  and  if  there  is  a  liability  on  the  part  of  the  mine  operator 
for  negligence  it  must  be  enforced  under  common-law  rules  and  not 
under  this  statute. 

Feiguaon  v.  Middle  States  Coal  &  Coke  Co.  (West  Virginia),  84  Southeastern,  573, 
p.  o74,  February,  1915. 

FAIL,rBE   TO   COVER   CAGE — APPLICATION   OF   STATUTE. 

Proof  that  a  mining  company  owning  coal  lands  caused  two  shafts 
some  200  feet  apart  to  be  sunk  to  and  through  the  vein  of  coal  to  a 
depth  of  about  540  feet  and  thereafter  employed  underground  a  force 
of  more  than  20  miners,  causing  entries  to  be  driven  in  every  direc- 
tion, constructing  roadways  and  air  courses,  all  such  air  courses  and 
entries  being  of  a  length  of  more  than  2,000  feet,  laying  tracks  and 
switches,  mining  and  taking  out  about  2,000  tons  of  coal,  is  sufficient 
to  show  a  mine  and  to  bring  the  plant  and  mine  within  the  operation 
of  the  Illinois  mines  and  miners  act  and  to  render  the  operator  liable 
for  the  death  of  a  miner  caused  by  falling  material  because  of  the 
failure  of  the  operator  to  equip  the  cage  as  required  by  the  statute  with 
a  proper  and  sufficient  covering  to  protect  miners  riding  thereon. 

Hakanson  v.  La  Salle  County  Carbon  Coal  Co.  (Illinois),  106  Northeastern,  617, 
p.  G18,  October,  1914. 

FAILURE   TO   USE   CAGE    IN    SHAFT — VIOLATION   OF   STATUTE. 

Section  6799,  Revised  Laws  of  Nevada,  makes  it  unlawful  for  any 
person  or  corporation  to  sink  or  work  through  any  vertical  shaft  at 
a  greater  depth  than  350  feet  unless  the  shaft  shall  be  provided  with 
an  iron-bonneted  safety  cage  to  be  used  in  lowering  and  hoisting 
miners,  and  the  statute  is  not  complied  with  by  simply  having  such  a 
cage  upon  the  mining  premises  but  not  in  actual  use;  and  aside  from 
this,  the  statute  makes  it  unlawful  to  sink  or  work  through  any  ver- 
tical shaft  at  a  greater  depth  than  350  feet,  unless  in  the  lowering  and 
hoisting  of  the  miners,  in  conducting  such  work  or  such  sinking,  the 
shaft  be  provided  with  an  iron-bonneted  safety  cage.  A  bucket  and 
crosshead  used  in  a  vertical  shaft  in  a  mine  at  a  greater  depth  than 
350  feet  is  not  a  compliance  with  the  act. 

Ryan  v,  Manhattan  Big  Four  Mining  Co.  (Nevada),  145  Pacific,  907,  p.  909,  Decem- 
ber, 1914. 
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FAILUBE  TO   USE   SAFETY  CAGE — ^DEFENSE. 

The  statute  of  Nevada  requires  a  coal-mine  operator  workijag 
through  any  vertical  shaft  at  a  greater  depth  than  350  feet  to  use  an 
iron-bonneted  safety  cage  in  lowering  and  hoisting  miners,  and  it  is  no 
defense  in  an  action  for  the  violation  of  the  statute  to  say  that  the 
miners  failed  to  demand  such  a  compUance  to  be  used  in  lowering  and 
hoisting  them  through  the  shaft,  as  the  statute  was  not  enacted  with 
its  primal  object,  that  of  punishment  for  its  violation,  but  the  penalty 
imposed  for  its  violation  was  rather  prescribed  as  a  reminder  that  the 
law  is  a  police  regulation,  enacted  for  the  purpose  of  minimizing  acci- 
dents which  entail  suffering,  privation,  and  death  on  those  who  may 
be  the  imfortimate  victims. 

Eyan  v.  Manhattan  B^  Four  Mining  Co.  (Nevada),  145  Pacific,  907,  p.  909,  Decem- 
ber, 1914. 

FAILURE   TO   WET   COAL  DUST — EXPLOSION. 

An  action  for  damages  for  the  death  of  a  miner  caused  by  a  viola- 
tion of  section  4380,  Compiled  Laws  of  Oklahoma  (1909),  was  prose- 
cuted upon  the  theory  that  the  coal  operator  had  violated  the  statut^e 
in  negligently  permitting  coal  dust  to  mingle  with  and  clog  the  air  in 
the  mine,  and  that  a  windy  shot  coming  in  contact  with  such  coal 
dust  ignited  it,  causing  the  explosion  that  resulted  in  the  death  of  the 
miner;  and  the  action  was  defended  upon  the  theory  that  the  opera- 
tor had  complied  with  the  law  in  wetting  the  accumulated  coal  dust, 
but  the  explosion  was  caused  by  a  ''windy  shot"  igniting  the  coal  dust 
produced  and  suspended  in  the  air  by  a ''  follow  shot."  A  verdict  and 
judgment  for  the  plaintiff  in  such  action  can  not  be  disturbed  on 
appeal  where  the  evidence  reasonably  tended  to  establish  that  at  the 
time  of  the  explosion  the  coal  operator  had  violated  the  statute  in  the 
particular  alleged,  and  where  the  evidence  also  was  sufficient  to  show 
causal  connection  between  the  violation  of  the  statute  and  the  death 
of  the  miner. 

San  Boia  Coal  Co.  v.  Resetz  (Oklahoma),  143  Pacific,  46,  p.  48. 

FAILURE  TO   VENTILATE   MINE — QUESTION   OF  FACT. 

The  Pennsylvania  mining  law  of  1891  requires  the  owner  or  oper- 
ator of  every  mine  to  maintain  an  adequate  supply  of  pure  air  for  the 
same  and  to  conduct  the  ventilating  currents  along  the  face  of  every 
working  place  in  quantities  sufficient  to  render  harmless  noxious  or 
dangerous  gases;  to  close  with  suitable  material  all  crosscuts  when 
necessary  to  close  them  permanently;  to  have  automatically-closing 
doors;  to  use  every  precaution  to  insure  the  safety  of  the  miners;  and 
to  use  no  light  or  fire  therein  except  safety  lamps  where  there  is  likely 
to  be  an  accumulation  of  explosive  gas,  and  makes  the  owner  or  oper- 
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ator  liable  for  an  injury  occasioned  by  any  violation  of  the  act;  and 
the  fact  that  a  miner  testified  that  upon  lighting  a  squib  to  fire  a  blast 
he  was  knocked  down  by  an  explosion  of  gas  was  not  so  incredible, 
nor  was  the  cause  of  the  explosion  so  disconnected  with  the  employ- 
er's failure  to  ventilate  the  mine,  as  required  by  the  above  statute, 
^  to  justify  a  direction  of  a  verdict  by  the  court;  but  under  such  cir- 
cumstance the  question  of  the  failure  to  properly  ventilate  the  mine, 
as  well  as  the  cause  of  the  explosion,  should  be  submitted  to  the  jury. 

Delaware,  etc.,  R.  Go.  v.  Yurkonis,  220  Fed.,  429,  p.  433,  January,  1915. 

USIKG  BETTER  APPLIANCE  THAN   STATUTORY  REGULATIONS. 

Failure  to  use  a  statutory  device  or  implement  or  appliance  in  the 
operation  of  a  mine  might  not  be  a  violation  of  the  statute  requiring 
the  use  of  a  particular  device  or  appliance  if  the  mine  operator  uses  a 
device  or  appliance  generaUy  and  customarily  regarded  as  being 
better  or  more  liable  to  insure  safety  than  that  provided  by  the 
statute. 

Ryan  v.  Manhattan  Big  Four  MinLig  Co.  (Nevada),  145  Pacific,  907,  p.  910,  Decern- 
be-,  1914. 

VIOLATION   OF   STATUTE  AS   EVIDENCE   OP   NEGLIGENCE. 

Whenever  an  act  is  enjoined  or  prohibited  by  statute  and  the  vio- 
lation of  the  statute  is  made  a  misdemeanor,  any  injury  to  the  person 
of  another  caused  by  such  violation  is  the  subject  of  an  action  for  the 
recovery  of  damages,  and  the  violation  of  the  statute  is  the  basis  of 
the  right  to  recover  and  constitutes  negligence  per  se. 

R>'an  V.  Manhattan  Big  Four  Mining  Co.  (Nevada),  145  Pacific,  907,  p.  910,  Decem- 
ber, 1914. 

IGNORANCE  AND  INADVERTENCE  NO  DEFENSE. 

An  inadvertent  or  ignorant  failure  to  comply  with  the  provisions 
of  a  statute  in  the  operation  of  a  mine  is  the  same  as  an  intentional 
evasion  thereof,  and  neither  can  be  proved  as  a  defense  in  the  prose- 
cution for  a  violation  of  such  statute. 

Ryan  v.  Manhattan  Big  Four  Mming  Co.  (Nevada),  145  Pacific,  907,  p.  910,  Decem- 
ber, 1914. 

LIABILFTY   FOR   NONCOMPLIANCE. 

Any  conscious  omission  or  failure  of  a  mine  operator  to  comply 
with  a  statute  which  requires  that  he  furnish  certain  reasonable 
appliances  for  the  protection  of  life  and  limb  of  the  miners  employed 
by  him  rendeis  him  Uable  for  ensuing  injuries. 

Ryan  v.  Manhattan  Big  Four  Mining  Co.  (Nevada),  145  Pacific,  907,  p.  911. 
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FAILUKE   TO   FURNISH    PROPS — ^PROXIMATE   CAUSE   OF   INJURY. 

Section  2489-5a  of  the  Code  Supplement  of  1913  of  Iowa  requires 
the  owner  or  operator  of  a  mine  to  keep  a  sufficient  supply  of  caps 
and  timbers  to  be  used  as  props  convenient  and  ready  for  use,  and 
requires  them  to  be  sent  in  and  delivered  to  the  places  where  needed 
on  request;  and  this  statutory  duty  imposed  upon  the  operator  is 
predicated  primarily  upon  the  potential  danger  of  an  unpropped  roof, 
a  danger  not  necessarily  imminent;  but  the  operator  is  charged 
with  the  knowledge  that  the  potential  danger  of  an  unpropped  roof 
may  become  the  imminent  danger  at  any  moment,  and  may  occur  in 
a  way  against  which  the  reasonable  diligence  of  the  miner  can  not 
provide  without  props,  and  in  a  way  to  prevent  discovery  even  by 
the  reasonable  diligence  of  the  miner;  and  for  a  court  to  hold  that  a 
failure  of  an  operator  to  comply  with  this  provision  of  the  statute  is 
too  remote  to  be  the  proximate  cause  of  an  ultimate  injury  of  a 
miner  would  be  to  destroy  the  manifest  purpose  of  the  statute;  and 
the  violation  of  the  statute  at  this  point  by  the  operator  may  be  re- 
garded as  an  obstacle  in  the  way  of  propping  the  mine,  and  the 
failure  of  the  miner  to  prop  in  such  case  should  be  deemed  the  failure 
of  the  operator,  and  hence  if  the  failure  to  prop  the  mine  is  the 
proximate  cause  of  an  accident,  then  the  neghgence  of  the  operator 
could  be  such  proximate  cause. 

Edgren  v.  Scandia  Coal  Co.  (Iowa),  151  Northwestom,  519,  p.  521-523,  March,  1915. 
EFFECT  ON  CONTBIBXTTOItY  NEGLIGENCE. 
WHAT   CONSTITUTES   CONTRIBUTORY   NEGLIGENCE. 

The  failure  of  a  mine  operator  to  perform  the  statutory  duty  causes 
the  UabiUty  for  aU  consequences  to  fall  upon  him,  unless  a  miner, 
complaining  of  an  injury  from  such  failure,  could  see  or  know  by 
ordinary  care  that  the  situation  was  imminently  dangerous,  and  in 
such  case  there  is  no  assumption  of  risk  by  the  miner  where  the 
operator  neglects  a  statutory  duty,  though  the  miner  may  still  be 
guilty  of  contributory  negligence  such  as  will  defeat  a  recovery;  but 
in  order  to  constitute  contributory  negligence  there  must  be  some  act 
or  failure  on  the  part  of  the  minor,  in  addition  to  the  ordinary  risks 
imposed  by  the  character  of  his  work  under  the  conditions  created  by 
the  operator's  conduct,  which  woidd  amoimt  to  culpable  negligence 
on  the  miner's  part,  examples  of  which  may  be  found  in  his  failure  to 
look,  to  observe,  to  test  in  some  way  the  safety  of  the  roof,  or  if  it 
is  unsafe  and  obviously  so,  and  the  danger  thereby  imminent,  his 
continuing  to  work  under  such  conditions. 

Oc^er^^m^  ^^^  ^^'  ^'  ^™^^®^^  (Kentucky),  169  Southwestern,  692,  p.  694, 
JelUco  Coal  Mining  Co.  v.  Walls  (Kentucky),  170  Southwestern,  19,  p.  20. 
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FREEDOM   FBOM   GONTBIBUTOBY  NEOLIOENGE. 

A  miner  is  not  guilty  of  contributory  negligence  in  working  in  an 
entry,  although  known  to  him  to  be  defectively  propped;  nor  by  such 
working  does  he  assume  the  additional  risk  of  such  defect,  unless 
either  it  was  his  duty  to  remedy  the  defect,  or  unless  in  the  course 
of  the  work  he  was  to  do,  further  propping  was  made,  necessary,  which 
it  was  his  duty  to  do,  and  he  n^ligently  failed  to  do  such  further 
propping,  and  such  negligent  failure  either  solely  caused  the  injury 
or  contributed  with  such  defect  in  producing  it. 

Lookout  Fuel  Co.  v.  Phillips  (Alabama),  66  Southern,  946,  p.  949,  November,  1914. 
DEFENSE   OF  CONTRIBUTORY   NEGLIGENCE   ABROGATED ^PLEADING. 

A  complaint  in  an  action  by  a  miner  for  damages  for  injuries 
predicated  on  subdivision  1  of  the  employers'  liability  statute  of 
Alabama  (code  section  3910)  averred  that  the  miner  while  in  the 
service  and  employment  of  the  defendant  operator  as  a  coal  miner  in 
one  of  its  mines  was  injured  by  a  fall  of  stone  or  slate  from  the  roof 
or  top  of  the  entry  in  which  he  was  at  the  time  engaged  in  work 
under  his  employment,  and  that  the  injury  so  received  was  the 
proximate  consequence  of  a  defect  in  the  condition  of  the  ways, 
works,  machinery^  or  plant  of  the  operator  in  that  the  roof  or  top  of 
the  entry  was  not  properly  or  sufficiently  propped  to  prevent  the 
stone  or  slate  from  falling;  and  tiiat  such  defective  condition  of  the 
roof  had  not  been  discovered  or  remedied  owing  to  the  negUgence  of 
the  operator  or  of  a  person  intrusted  by  it  with  the  duty  of  seeing 
that  the  ways,  works,  machinery,  or  plant  were  in  proper  condition. 
An  answer  to  such  complaint  filed  by  the  operator  is  insufficient 
where  it  avers  that  the  plaintiff  was  guilty  of  negligence  which 
proximately  contributed  to  his  injury  in  that  the  roof  of  the  entry 
was  in  a  defective  condition,  the  slate  and  other  materials  composing 
the  roof  of  the  entry  being  loose  and  liable  to  fall;  that  this  defective 
condition  of  the  roof  existed  at  the  place  at  which  the  miner  was 
working  at  the  time  of  his  injury;  that  the  miner  knew  of  such 
defective  condition  of  the  roof  and  knew  the  danger  of  working 
beneath  the  same  at  the  place  at  which  he  was  working  at  the  time 
of  receiving  the  injury;  but  that  notwithstanding  this  injury,  the 
miner  negligently  worked  in  said  entry  beneath  said  defective  roof, 
which  negligence  proximately  contributed  to  his  said  injury,  for  the 
reason  that  the  statute  (section  3910)  provides  that  in  no  event  shall 
it  be  contributory  n^ligence  or  assumption  of  risk  on  the  part  of 
the  miner  to  remain  in  the  employment  of  an  operator  after  knowledge 
of  the  defect  or  n^ligence  causing  the  injury,  unless  he  be  a  miner 
whose  duty  it  is  to  remedy  the  defect  or  who  committed  the  negligent 
act  causing  the  injiuy  complained  of. 

Lookout  Fuel  Co.  v,  Phillips  (Alabama),  66  Southern,  946,  p.  947,  November,  1914. 
Bumwell  Coal  Co.  v.  Setzer  (Alabama),  67  Southern,  604,  p.  606,  December,  1914. 

97233'— Bull.  101—15 5 
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APPLICATION   OF   COMMON-LAW   RULES. 

In  an  action  by  a  miner  for  personal  injuries  because  of  the  f ailuro 
of  the  mine  owner  to  furnish  props  as  required  by  the  statute  of 
Missouri,  a  court  can  not  apply  the  rules  of  contributory  negligence 
or  assumption  of  risk  with  the  same  strictness  as  in  actions  for  common- 
law  negligence  as  these  would  in  eflFect  nullify  the  statute;  and  unless, 
therefore,  the  danger  was  so  apparent  and  imminent  that  the  miner 
placing  himself  therein  would  amoimt  to  self-inflicted  injury,  he 
should  not  be  denied  recovery  merely  on  a  showing  that  there  was 
some  risk  attending  the  further  prosecution  of  the  work  and  that  he 
assumed  such  risk. 

Runyan  r.  Marceline  Coal  &  Mining  Co.  (MiBBOuri  Appeals),  172  Southwestern,  1165, 
p.  1167. 

EFFECT  OF  AMENDMENT  ON  CONTRIBUTORY  NEGLIGENCE  AND  ASSUMP- 
TION  OF   RISK. 

The  only  eflfect  of  the  amendment  of  1907  to  subdivision  1  of  section 
3910  of  the  habihty  act  of  Alabama,  was  to  remove  as  a  basis  of 
assumption  of  risk  and  of  contributory  negligence  on  the  part  of  a 
miner  in  respect  of  a  defective  condition  within  the  purview  of  such 
subdivision,  the  remaining  in  service  after  knowledge  by  the  miner 
injured  in  consequence  of  the  defect  in  the  condition  to  which  the 
complaint  attributed  the  injury  for  proximate  cause,  of  the  defect  in 
the  condition  of  the  ways,  works,  machinery,  or  plant  of  the  operator, 
except  in  cases  where  the  miner  injured  was  under  the  duty  to  remedy 
the  defect  causing  the  injury,  or  where  the  miner  injured  committed 
the  negUgent  act  causing  the  injury  complained  of.  There  is  no 
general  legislative  purpose  expressed,  or  necessarily  impliable,  to 
deny  the  existence  or  the  defensive  effect  of  contributory  negligence 
or  assumption  of  risk  in  all  cases. 

Bumwell  Coal  Co.  v.  Setzer  (Alabama),  67  Southern,  604,  p.  606,  December,  1914. 

SUFFICIENCY   OF    ANSWER. 

In  an  action  for  damages  by  an  injured  miner  against  a  mine 
operator,  under  the  statute  of  Alabama,  an  answer  is  insufficient  if 
it  fails  to  allege  or  show  either  that  it  was  the  duty  of  the  injured 
miner  to  remedy  the  alleged  defect  causing  the  injury,  or  that  the 
miner  committed  a  neghgent  act  which  caused  the  injury  complained 
of,  or  which  contributed  with  the  alleged  defect  in  causing  it,  and 
more  especially  where  the  answer  fails  to  show  that  the  miner  had 
knowledge  of  the  alleged  defect  in  time  to  avoid  the  injury. 

Lookout  Fuel  Co.  v.  Phillips  (Alabama),  66  Southern,  946,  p.  947,  November,  1914. 
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REQUEST   FOB   PBOPS   NOT   EVIDENCE    OF    KNOWLEDGE   OF  DANGER. 

Under  the  statute  of  Iowa,  section  2489-5a,  16a,  Code  Supplement 
of  1913,  it  is  made  the  duty  of  a  mine  operator  to  furnish  props  and 
timbers  on  request  of  the  miner  and  it  is  made  the  duty  of  the  miner 
to  prop  his  working  place  and  make  the  same  safe;  but  the  fact  that 
a  miner  ordered  props  is  not  to  be  considered  as  evidence  of  knowledge 
of  imminent  or  impending  danger,  as  such  a  construction  of  the 
statute  would  mean  that  a  miner  could  not  work  after  ordering  props 
mitil  the  props  were  actually  received;  but  the  miner  is  expected  to 
foresee  his  needs  to  some  extent  and  make  his  request  so  that  the 
operator  may  have  reasonable  time  to  comply;  and  the  statute 
implies  that  the  roof  of  a  mine  may  present  latent  and  potential 
dangers  at  all  times,  though  such  dangers  are  not  imminent  or 
impending,  and  a  miner  is  not  to  be  charged  with  contributory  negli- 
gence where  after  making  a  request  for  props  he  continues  to  work 
in  his  place,  if  by  the  inspection  required  by  the  statute  his  place  is 
not  so  imminently  dangerous  as  would  deter  a  prudent  man  from 
working  in  such  a  place. 

Edgren  v.  Scandia  Coal  Co.  (Iowa),  151  Northwestern,  519,  p.  522,  March,  1915. 

DUTY  TO   EXAMINE    WORKING   PLACE — ^DEFENSE. 

In  an  action  for  the  death  of  a  miner  caused  by  a  portion  of  the 
roof  of  a  mine  falling  upon  him,  an  answer  which  avers  that  the 
intestate  was  guilty  of  negligence  which  proximately  contributed  to 
his  death,  in  that  he  did  not  examine  his  working  place  under  the 
rock  or  place  that  fell  before  commencing  to  work  thereunder,  which 
proximately  caused  his  death;  and  averring  that  it  was  the  duty  of 
such  intestate,  before  commencing  work,  to  examine  his  working  place, 
and  his  alleged  death  was  the  proximate  result  of  his  failure  to  perform 
such  duty,  is  insufficient  for  failing  to  aver  that  an  examination  of 
the  roof  would  have  disclosed  the  defect,  as  well  as  the  danger  of 
going  to  work  at  the  particular  place,  and  for  the  additional  reason 
that  the  averment  of  the  failure  of  the  deceased  to  examine  tlio  work- 
ing place  imder  the  roof  before  commencing  to  work  proximately 
caused  his  injury,  is  but  a  conclusion  of  the  pleader. 

HenderBon  v.  Tennessee  Coal,  Iron  &  Railjoad  Co.  (Alabama),  67  Southern,  414, 
p.  415,  December,  1914. 

VENTILATION  OF  MINE — FAILURE   OF  MINER  TO  OBEY   INSTRUCTIONS. 

A  miner  can  not  recover  from  a  mine  operator  for  injuries  caused 
from  the  presence  of  poisonous  gas  in  the  mine,  due  to  the  negUgence 
of  the  operator  in  failing  to  ventilate  the  mine,  as  required  by  the 
statute  of  Missouri,  where  the  lack  of  proper  ventilation  was  due  to 
the  failure  of  the  operator  to  make  an  opening  between  two  rooms  of 
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the  mine,  where  it  appeared  that  the  miner  himself  and  his  two  sons 
were  the  only  persons  authorized  to  work  in  the  particular  room  and 
where  the  miner  had  been  directed  by  the  mine  operator  to  put  in  the 
cross  cut  in  order  to  give  the  required  ventilation  of  the  mine. 

Perry  v.  Northwestern  Coal  &  Mining  Co.  (Missoiuri  Appeals),  175  South  western,  140, 
p.  141,  April,  1915. 

EFFECT  ON  ASSUMPTION  OF  BISK. 

OPEEATOB's    breach    op    statutory    duty ASSUMFTIOX    OF     RISK. 

Kisks  assimied  by  a  miner  are  only  such  as  arise  after  the  mine 
operator  has  discharged  his  statutory  duty. 

Log  Mountain  Coal  Co.  v.  Crunkleton  (Kentucky),  169  Southwestern,  692,  p.  694, 
October,  1914. 

EFFECT    ON    ASSUMPTION    OF   RISK    AND    CONTRIBUTORY    NEOLIOENCE. 

The  coal-mining  statute  of  Colorado  was  drawn  with  the  sole  pur- 
pose to  insure  safety  in  the  method  and  maimer  of  mining  and  was 
intended  to  cure  the  rigors  of  the  common-law  rule  as  applied  to 
assumption  of  risk  and  contributory  negligence,  and  courts  can  not 
be  less  liberal  in  the  interpretation  of  such  statutes  than  the  spirit  of 
the  law  demands;  and  imder  the  statute  a  miner  is  not  to  be  charged 
with  assumption  of  risk  or  be  held  guilty  of  contributory  negligence  in 
removing  coal  from  one  side  of  a  section  to  another  so  as  to  leave  no 
natural  support  across  the  (wall)  face  of  the  roof,  nor  through  the  fact 
that  the  chutes  to  one  side  of  the  section  had  caved  in. 

Lindquist  v.  Pacific  Coast  Coal  Co.  (Waahington),  142  Pacific,  445,  p.  448. 
MINER   CAN   NOT   WAIVE   VIOLATION   OF   STATUTE. 

In  an  action  for  damages  for  the  death  of  a  miner  due  to  the 
alleged  violation  of  the  statute  of  Oklahoma  on  the  part  of  the  mine 
operator,  the  servant  as  a  matter  of  law  can  not  waive  a  compliance 
by  the  operator  therewith  and  assume  the  risk  of  the  operator's  neg- 
ligence in  failing  to  comply  with  the  statute,  as  to  permit  mine  oper- 
ators to  avail  themselves  of  such  assumption  of  risk  by  their  miners 
would  be  in  effect  to  enable  them  to  nullify  a  penal  statute. 

Great  Western  Coal  &  Coke  Co.  v.  Coffman  (Oklahoma),  143  Pacific,  30. 
Great  Western  Coal  A  Coke  Co.  v.  McMahan  (Oklahoma),  143  Pacific,  23. 
Great  Western  Coal  &  Coke  Co.  v.  Cunningham  (Oklahoma),  143  Pacific,  26. 

VIOLATION   or   STATUTE    AS   TO  SAFETY   APPLIANCES. 

A  miner  injured  while  being  carried  down  a  shaft  can  not  be 
charged  with  an  assumption  of  risk  where  the  mine  operator  violates 
a  positive  statute  in  not  furnishing  an  iron-bonneted  safety  cage  for 
lowering  and  hoisting  miners. 

Ryan  v.  Manhattan  Big  Four  Mining  Co.  (Nevada),  145  Pacific,  907,  p.  910,  Decem- 
ber, 1914. 
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ASSUMPTION  OP  RISK  NOT  A  DEFENSE. 

In  an  action  for  damages  for  the  death  of  a  miner  the  only  question 
in  issue  under  the  statute  of  Oklahoma  is  whether  or  not  the  statute 
has  been  violated,  and  if  so  whether  such  violation  was  the  proximate 
cause  of  the  death,  and  it  is  immaterial  whether  the  court  gave  con- 
flicting or  erroneous  instructions  upon  the  doctrine  of  assumption  of 
risk,  as  the  defense  of  assumption  of  risk  is  not  available  under  the 
statute. 

Great  Weetem  Goal  &  Coke  Co.  v.  Cunningham  (Oklahoma),  143  Pacific,  26,  p.  28. 
Great  Western  Coal  6c  Coke  Co.  v.  McMahan  (Oklahoma),  143  Pacific,  23. 
Great  Western  Coal  &  Coke  Co.  v.  Coffman  (Oklahoma),  143  Pacific,  30. 

In  an  action  for  the  death  of  a  miner  caused  by  a  fall  of  rock  from 
the  roof  of  the  chamber  or  station  where  he  was  working,  the  mine 
operator  can  not,  under  the  employers'  liability  act  of  California,  set 
up  the  defense  of  assimiption  of  risk  by  the  miner  for  the  purpose  of 
defeating  a  recovery. 

Crabbe  v.  Mammoth  Channel  Gold  Mining  Co.  (Califomia),  143  Pacific,  714,  p.  715. 
FAILURE   TO   VENTILATE   MINE — INJURY   TO   HEALTH. 

In  a  mine  insufficiently  ventilated  and  in  which  dynamite  and 
powder  are  used  for  shooting  purposes,  carbon  dioxide  or  black  damp, 
and  carbon  monoxide  or  white  damp,  may  be  generated.  The  former 
is  commonly  known  as  carbonic  acid  gas  and  is  dead  air  with  the 
properties  of  oxygen  exhausted,  is  nonpoisonous,  but  causes  suffoca- 
tion by  excluding  oxygen  from  the  lungs,  while  the  white  damp  makes 
a  person  ache,  dizzy,  and  sick  at  the  stomach,  and  has  the  effect  of 
destroying  the  red  corpuscles  of  blood,  the  oxygen-carrying  property 
of  the  blood;  and  if  a  person  is  deprived  of  a  sufficient  quantity  of 
oxygen  it  results  in  a  worn-down,  debilitated,  and  weakened  condition 
of  the  system;  and  where  a  miner  who  has  been  working  in  a  mine  is 
found  to  be  in  such  condition  because  of  the  alleged  negligence  of  the 
mine  operator,  in  failing  to  ventilate  the  mine  in  accordance  with  the 
statute,  the  question  of  the  operator's  negligence  in  this  respect  is 
properly  submitted  to  a  jury  for  a  determination  and  the  plea  of  the 
assumption  of  risk  on  the  part  of  the  minel*  by  continuing  to  work  in 
the  mine  with  a  knowledge  of  the  effect  of  the  air  upon  his  system, 
can  not  be  interposed  in  an  action  based  on  the  operator's  failure  to 
perform  the  statutory  duty  as  to  ventilation. 

Log  Mountain  Coal  Co.  v.  Crunkleton  (Kentucky),  169  Southwestern,  692,  p.  694, 
October,  1914. 
Jellico  Coal  Mining  Co.  v.  Walla  (Kentucky),  170  Southwestern,  19,  p.  20,  November, 

See  Perry  v.  Northwestern  Coal  dc  Mining  Co.  (MisBouri  Appeals),  175  South weirtem, 
140,  April,  1915. 
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RISK  OP  OPEBATOB's   VIOLATION   OF   STATUTE   NOT   ASSUMED. 

A  miner  working  under  a  contract  whereby  he  was  to  receive  45 
cents  per  ton  for  coal  mined  and  loaded,  was  to  be  furnished  all 
necessary  props,  caps,  and  headers,  and  was  himself  to  set  the  props, 
caps,  and  headers  as  needed  and  take  care  of  all  slate,  wherever  he 
might  find  the  slate  in  such  condition  as  to  make  it  unsafe  to  leave 
it,  then  he  should  take  it  down,  and  where  slate  examined  by  him 
seemed  to  be  sound,  and  nothing  to  indicate  it  was  about  to  fall, 
or  would  fall  before  props  and  headers  requested  and  promised  were 
supplied,  it  was  not  incumbent  upon  the  miner  to  take  it  down,  and 
it  can  not  be  said  that  either  under  his  contract  or  the  statute  he 
assumed  the  risk  of  its  falling  before  the  props  and  headers  were 
furnished. 

Big  Branch  Coal  Co.  v.  Wrenchie  (Kentucky),  170  Southwestern,  14,  p.  16,  Novem- 
ber, 1914. 

DUTY  TO  PROP  ROOF  OF  ENTRY. 

The  statutes  of  Alabama  on  the  subject  of  minir.g  indicate  a  public 
pohcy  to  the  effect  that  mine  owners  and  operators  shall  be  charged 
with  the  duty  of  making  their  mines  reasonably  safe  for  miners;  and 
these  statutes  require  miners  themselves  in  certain  cases  to  look 
out  for  their  own  safety,  as  in  propping  the  roofs  of  rooms  in  which 
they  work,  but  impose  on  the  operator  the  duty  of  furnishing  the 
timbers  for  such  propping;  but  the  statutes  do  not  require  miners 
to  prop  or  look  after  the  safety  of  entries,  and  that  duty  therefore 
rests  on  the  owners  or  operators  of  the  mines.  Section  1021  of  the 
code  requires  owners  and  operators  of  mines  to  keep  a  sufficient  supply 
of  props  or  other  timbers  used  iii  the  mine  so  that  the  miners  may 
at  all  times  be  able  to  prop  their  working  places,  and  the  mine  owner 
or  operator  shaU  aflFord  miners  the  proper  facilities  for  the  delivery 
of  props  and  other  timbers  needed  by  them  in  their  respective  work- 
ing places.  But  the  duty  to  prop  an  entry  may  rest  on  the  miner 
himself,  when  he  is  employed  to  do  that  particular  work  or  is  em- 
ployed to  make  the  entry  itself  and  to  prop  it  as  the  work  progresses, 
or  where  he  engages  in  work  in  the  entry,  after  it  is  made  and  prop- 
erly propped,  which  is  of  such  a  character  as  to  render  further  prop- 
ping necessary;  and  in  all  such  cases  the  miner  assumes  the  risk  of 
his  negligent  failure  to  do  the  necessary  propping,  and  if  injured  as  the 
result  of  such  failure  he  can  not  recover  from  the  operator. 

Lookout  Fuel  Co.  v.  PhiUipB  (Alabama),  66  Southern,  946,  p.  948,  November,  1914. 
I^EQUEST    FOB     PROPS— FAILURE     TO     FURNISH— CONTINUING     WORK. 

Section  4999-3a,  Code  Supplement  of  1913,  of  Iowa,  provides  that 
where  the  property,  works,  machinery,  or  appUance  of  an  employer 
are  defective  or  out  of  repair,  and  where  it  is  the  duty  of  an  employer 
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to  furnish  reasonably  safe  machinery,  appliances,  and  place  to  work, 
an  employee  shall  not  be  deemed  to  have  assumed  the  risk  by  con- 
tinuing in  the  prosecution  of  the  work  growing  out  of  any  such  de- 
fects, unless  the  danger  is  imminent  and  to  such  an  extent  that  a 
reasonably  prudent  person  woxild  not  continue  in  the  prosecution 
of  the  work  and  it  is  the  purpose  of  this  statute  to  prevent  an  em- 
ployer or  a  mine  operator  from  laying  upon  his  employee  or  miner 
the  consequences  of  his  own  failure  simply  because  such  failure  was 
known  to  the  employee  or  miner,  and  imder  this  statute  a  miner 
will  not  be  held  to  have  assumed  the  risk  though  he  continues  work- 
ing in  a  mine  partially  unpropped,  where  he  had  made  the  statutory 
request  on  the  operator  for  props  and  the  operator  had  failed  to  com- 
ply with  such  request  and  the  miner  was  injured  because  of  such 
failure  of  the  operator  to  furnish  the  props  requested. 

Edgrenr.Scandia  Coal  Co.  (Iowa)  151  Northwestern,  521,  p.  523,  March,  1916. 

NEGIilGENCE   OF  MINS   8T7PEBINTENDENT. 
PBOOP   OF    NEGLIGENCE    OF    SUPERINTENDENT — PROXIMATE    CAUSE. 

In  an  action  against  a  mine  operator  for  damages  for  negligence 
because  of  the  neghgence*  of  the  mine  operator's  superintendent, 
and  in  the  absence  of  a  charge  of  willfuhiess,  wantonness,  or  inten- 
tional injury,  it  was  not  error  for  a  court  to  instruct  a  jury  to  the  effect 
that  the  superintendent's  directions  to  the  miner  to  pinch  or  prize 
the  coal  in  the  wall,  and  to  turn  the  water  on,  are  alone  sufficient  to 
justify  a  recovery;  but  the  jury  must  further  find  that  in  giving  such 
instructions  the  superintendent  was  at  fault  and  that  such  fault 
was  the  proximate  cause  of  the  miner's  injury;  and  that  the  statute 
of  Alabama  relating  to  liability  of  employers  for  damages  when  their 
employees  are  injured  whUe  engaged  in  the  work  for  which  they  are 
employed,  does  not  authorize  the  jury  to  award  damages  unless  the 
operator's  agent  was  guilty  of  negligence. 

Barker  v,  Tennessee  Coal,  Iron  <fe  Bailroad  Co.  (Alabama').  66  Soil  them,  600,  Novem- 
ber, 1914. 

DBLBGATION  OF  DX7TT. 
DUTY  OF  FOREMAN  TO  INSPECT — DELEGATION  OF  DUTY — NEGLIGENCE. 

The  statute  of  Oklahoma  imposes  upon  a  mine  foreman  or  his 
assistant  the  duty  of  daily  inspection,  and  he  has  no  right  to  delegate 
this  duty  to  the  fire  boss  or  to  any  other  person  working  in  the  mine, 
other  than  a  regular  assistant;  and  this  duty  is  a  nondelegable  one, 
and  the  failure  to  discharge  which  constitutes  primary  negligence  on 
the  part  of  the  mine  operator. 

Rock  Island  Coal  Mining  Co.  v.  Davis  (Oklahoma),  144  Pacific,  600,  p.  603,  Decem- 
ber, 1914. 
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SAFE   PLACE — ^DELEGATION    OP  DUTY. 

The  owner  and  operator  of  a  mine  may  delegate  to  an  electrician 
the  duty  or  authority  to  make  safe  or  properly  protect  electric  wires 
through  a  passageway  in  his  mine  through  which  the  miners  were 
required  to  pass;  but  the  mine  operator  can  not,  imder  his  duty  to 
furnish  a  safe  working  place,  delegate  such  duty  in  such  a  manner  as 
to  reUeve  himself  of  liability  for  failure  to  furnish  a  safe  working 
place. 

Hazzard  v.  ConaoUdated  Coal  Co.  (Michigan),  149  Northwestern,  991,  p.  992, 
December,  1914. 

DELEGATION   OF   VENTILATION   OF   MINE. 

The  statute  of  Missouri  imposes  upon  a  mine  operator  the  duty 
of  properly  ventilating  the  mine,  and  a  breach  of  such  duty  is  negli- 
gence per  se,  and  the  operator  can  not  delegate  the  performance  of 
this  duty  to  another  and  thereby  shift  responsibility  or  liability  for 
its  nonperformance;  but  the  statute  does  not  place  upon  the  operator 
of  a  mine  the  duty  of  an  insurer,  but  does  impose  upon  him  the  posi- 
tive duty  to  exercise  reasonable  care  to  provide  a  sufficient  amount 
of  ventilation.  The  rule  that  the  responsibility  of  the  mine  operator 
can  not  be  shifted  does  not  imply  that  the  operator  must  perform  the 
task  of  making  a  safe  place  or  providing  for  the  ventilation  for  the 
miner  with  his  own  hands,  or  that  he  is  forbidden  to  require  a  miner 
to  keep  his  own  place  in  order,  though  the  task  be  within  the  scope 
of  the  miner's  skill  and  experience.  It  is  not  an  attempted  delega- 
tion of  duty,  but  is  in  fact  a  step  in  the  performance  thereof  when  a 
mine  operator,  in  the  exercise  of  his  legal  right  to  direct  a  miner 
to  do  any  and  all  things  within  the  scope  of  the  general  employment, 
directs  him  to  do  that  which,  when  done,  will  make  safe  the  place 
of  the  miner's  employment.  The  fact  of  directing  a  miner  to  dig 
coal  from  a  partition  wall,  to  make  an  opening  therein  for  the  pur- 
poses of  ventilation,  is  not  different  from  digging  coal  in  any  other 
part  of  a  room,  and  the  operator  in  ordering  a  miner  to  do  such  work 
for  the  purpose  of  securing  proper  ventilation,  was  not  delegating  a 
duty,  but  was  requiring  a  service  the  operator  had  a  right  to  demand 
of  the  miner. 

Perry  v.  Northwestern  Coal  &  Mining  ('o.  (Missouri  Appeals^,  175  Southwestern, 
140,  p.  142,  April,  1915. 

NONDELEGABLE   DUTIES — NEGLIGENCE. 

The  duty  of  a  mine  operator  to  exercise  reasonable  care  and  dili- 
gence to  provide  his  miners  with  a  reasonably  safe  place  in  which  to 
work,  having  regard  to  the  kind  of  work  and  the  conditions  under 
which  it  must  necessarily  be  performed,  is  an  absolute  one,  and  if 
instead  of  performing  this  duty  in  person,  the  operator  delegates 
it  to  an  officer  or  servant,  then  such  officer  or  servant  stands  in  the 
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place  of  the  operator,  and  the  negligence  of  such  officer  or  servant  is 
the  negligence  of  the  operator  himself,  and  any  miner  injured  by 
such  negligence  may  recover,  regardless  of  the  relation  the  injured 
miner  sustained  to  the  officer  or  servant  whose  negligence  resulted 
in  inflicting  the  injury. 

Hock  Island  Goal  Miniiig  Co.  v.  Davis  (Oklahoma),  144  Pacific,  600,  p.  605,  Decem- 
ber. 1914. 

Hazzard  v.  Consolidated  Coal  Co.  (Michigan),  149  Northwestern,  991,  December, 
1914. 

STATTJTOBY  ACTION  FOB  WBONOFUI*  DEATH. 
ACTION   FOB   DEATH   OF   MINER STATUTE   OF   LIMITATIONS. 

An  action  for  the  wrongful  death  of  a  miner  must  under  the  statute 
of  Arkansas  be  brought  within  two  years  for  the  death  of  such 
miner,  and  the  time  for  commencing  such  action  is  not  extended  by 
the  statute  autiormng  a  second  suit  within  one  year  where  a 
plaintiff  has  been  nonsuited  in  his  first  action. 

Western  Coal  &  Mining  Co.  v.  Hiss,  216  Fed.,  338. 

PEBSONS   ENTITLED   TO   SUE. 

The  State  of  New  York  gives  a  right  of  action  for  wrongful  death 
and  provides  for  the  maintenance  thereof  by  the  personal  repre- 
sentatives of  the  deceased  for  the  beneifit  of  those  entitled  to  recover, 
and  an  action  for  the  death  of  a  husband  and  father  wrongfully  killed 
in  Pennsylvania  is  properly  brought  and  maintained  in  New  York  by 
the  administrator  of  the  decedent;  but  if  there  is  no  widow  or  child 
and  the  father  and  mother  survive  who  are  entitled  to  the  benefit  of 
the  recovery,  then  an  action  must  be  brought  by  them,  and  not  by  an 
administrator. 

Teti  V.  Consolidated  Coal  Co.,  217  Fed.,  240,  p.  450. 

RIGHT   OP   ALIEN  TO   SUE. 

The  treaty  of  July  3,  1913,  between  the  United  States  and  Italy, 
giving  a  citizen  of  Italy  the  right  to  sue  for  wrongful  death,  gives  an 
alien  coining  into  New  York  and  prosecuting  his  action  for  wrongful 
death  precisdy  the  same  rights  and  remedies,  and  no  more,  which  the 
Stat«  of  New  York  accords  to  its  own  citizens. 

Teti  V.  Consolidated  Coal  Co.,  217  Fed.,  443,  p.  450. 

PLACE   OF   BRINGING   SUIT. 

Whether  an  action  for  the  wrongful  death  of  a  miner  against  a 
Maryland  mining  corporation  operating  a  mine  in  Pennsylvania  and 
authdiized  to  do  business  in  the  State  of  New  York  should  be  brought 
and  maintained  in  the  courts  of  the  latter  State  for  a  death  occurring 
in  Pennsylvania  must  be  ruled  by  the  procedure  of  New  York,  as  the 
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general  rule  is  that  the  procedure  and  remedy  are  regulated  by  the 
law  of  the  forum. 

Teti  V.  Conflolidated  Coal  Co..  217  Fed.,  443,  p.  447. 

An  action  against  a  .Maryland  corporation  operating  coal  mines  in 
Pennsylvania  and  authorized  to  transact  business  in  New  York  may 
be  maintained  in  either  PennsylvaJiia,  Maryland,  or  New  York,  under 
the  statute  authorizing  transitory  actions  to  be  brought  wherever  a 
defendant  is  foxmd. 

Teti  V.  Consolidated  Coal  Co.,  217  Fed.,  443,  p.  447. 
See  Lehigh  Valley  Coal  Co.  v,  Yensavage,  218  Fed.,  547. 

LINEAL  HEIRS — FATHER  AND  MOTHER. 

The  statute  of  Colorado  does  not  exclude  the  father  and  mother 
from  the  term  *' lineal  heirs"  as  a  lineal  heir  is  one  who  inherits  in  a 
line  either  ascending  or  descending  from  the  common  source  as 
distinguished  from  a  collateral  heir. 

Rocky  Mountain  Fuel  Co.  v.  Kovaics  (Colorado),  144  Pacific,  863,  p.  865,  Decem- 
ber, 1914. 

RIGHT  OF  FATHER  OR  MOTHER  TO  SUE. 

Section  649  of  the  Revised  Statutes  of  1908  (Colorado),  known  as 
the  coal-mining  act,  provides  that  a  right  of  action  shall  accrue  to  the 
widow  and  lineal  heirs  of  a  person  whose  life  shall  be  lost,  and  in  an 
action  for  the  death  of  a  miner  this  statute  can  not  be  held  to  mean 
child  or  children  only,  but  when  construed  in  connection  with  the 
Colorado  statutes  of  descent,  includes  the  father  and  mother,  as  under 
the  statutes  of  descent  the  father  and  mother  inherit  from  a  child 
and  are  specifically  authorized  to  sue  for  the  death  of  a  child,  and  by 
the  insertion  of  the  word  ''lineal''  before  the  word  "heirs"  in  the  coal- 
mining act,  the  legislatiure  intended  to  exclude  collateral  heirs  only, 
and  to  limit  the  right  of  action  to  those  who  were  entitled  to  receive 
the  benefits  of  the  person  killed,  while  he  lived,  and  to  enable  them  to 
recover  damages  for  the  loss  of  such  benefits  in  the  case  of  his  death, 
and  to  exclude  the  father  and  mother  would  deprive  them  of  a  right 
under  the  coal-mining  act,  to  which  they  are  entitled  under  other 
statutes  of  Colorado. 

Rocky  Mountain  Fuel  Co.  v.  Kovaics  (Colorado),  144  Pacific,  863,  p.  865,  Decem- 
ber, 1914. 

VIOLATION  OF  STATUTORY  DUTY — STATUTORY  REMEDY. 

An  action  for  the  death  of  a  miner  caused  by  the  allied  breach  of 
the  statutory  duty  on  the  part  of  the  coal  operator  to  furnish  props, 
must  be  brought  under  the  coal-mining  act,  as  this  Is  the  only  act 
that  specifically  gives  the  right  of  action  for  neghgence  in  failing  to 
furnish  props. 

Rocky  Mountain  Fuel  Co.  v.  Kovaics  (Colorado),  144  Pacific,  863,  p.  866,  Decem- 
ber, 1914.  '  -^ 
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IXJXTRY    FROM   FAtLUBE  TO   PROVIDE   SAFE    WORKING   PLACE. 

A  complaiiit  in  an  action  by  an  injured  miner  under  the  statute  of 
Alabama  is  sufficient  where,  in  the  usual  terms,  following  the  statute, 
it  ascribes  the  injury  to  the  defect  in  the  ways,  works,  machinery,  or 
plant  of  the  operator,  and  avers  that  the  defect  consisted  in  this,  that 
a  wall  of  ore  and  clay,  near  which  the  miner  was  engaged  in  the  per- 
fonnance  of  his  duty  at  the  time  he  received  the  injury,  was  unsafe 
and  insecure,  so  that  a  large  embankment  therefrom  fell  upon  the 
miner  and  caused  the  injury  complained  of. 

SloBB-Sheffield  Steel  6c  Iron  Co.  v.  Teiry  (Alabama),  67  Southem,  678,  p.  680, 
December,  1914. 

ACTtOX     BY    PARENT    FOR    DEATH    OP    CHILD — PLEADING    AND  PROOF. 

The  statute  of  Missouri  gives  the  parents  the  right  to  sue  for  the 
wrongful  death  of  a  child;  and  in  an  action  by  a  father  and  mother 
for  the  death  of  a  child  they  recover  in  tort  on  the  right  which  the 
child  would  have  had  if  he  had  survived  the  injury,  and  which  right 
died  with  the  injiired  child  at  common  law  but  has  been  by  the  statute 
expressly  transmitied  to  the  parents;  and  in  such  case  it  is  not  neces- 
sary to  aver  or  prove  the  amoimt  of  damages,  but  the  jury  must  make 
their  estimate  of  damages  from  the  facts  proved,  and  they  exorcise 
their  own  judgment  upon  such  facts  by  connecting  them  with  their 
own  knowledge  and  experience  which  they  are  supposed  to  possess  in 
common  with  the  generaUty  of  mankind. 

Dalton  V.  St.  Louis  Smelting  &  Refining  Co.  (Missouri  Appeals) ,  174  Southwestern, 
468,  p.  470,  March,  1915. 

PROOF  OF   INDIGENT   CONDITION   OF   BENEFICIARY. 

The  statute  of  California,  section  1970,  Civil  Code,  gives  the  right 
of  aotion  to  a  personal  representative  of  a  person  killed  by  the  wrong- 
ful act  of  another  and  provides  for  the  recovery  of  damages  for  the 
b^iefit  of  the  widow,  children,  dependent  parents,  and  dependent 
brothers  and  sisters;  and  in  an  action  for  the  wrongful  death  of  a 
miner  against  a  mine  operator  for  the  benefit  of  the  father  of  the 
deceased,  evidence  of  the  financial  condition  of  the  father  is  admis- 
sible, and  the  word  *' dependent"  as  used  in  the  statute  was  intended 
to  describe  a  condition  of  actual  dependency,  and  not  a  dependency 
that  rested  on  a  presumption  on  account  of  relationship,  and  it  was 
necessary  for  the  plaintiff  to  prove,  not  a  mere  relation  of  dependency, 
but  actual  dependency. 

Balakalala  Consolidated  Copper  Co.  v,  Keardon,  220  Fed.,  584,  p.  588,  February, 
1915. 
Paakvan  v,  Allouez  Mining  Co.  (Michigan),  152  Northweetem,  82,  p.  84,  April,  1915. 


62  DECISIONS   ON   MINES  AND  MINING. 

SUFFICIENCY   OF   ANSWER. 

Where  a  complaint,  in  an  action  for  the  death  of  a  licensee  while 
in  the  mine  of  the  defendant  operator  and  at  its  invitation  and  request, 
alleges  that  the  licensee  was  killed  by  a  portion  of  the  roof  of  the 
mine  falling  upon  him,  and  that  his  death  was  proximately  caiiseil 
by  the  negligence  of  the  operator's  servants  while  acting  within  the 
line  and  scope  of  their  employment,  and  that  they  negligently  caused 
a  portion  of  the  said  roof  to  fall  upon  the  intestate,  an  answer  which 
avers  that  the  intestate  knew  of  the  defect  or  negligence  which  caused 
his  death,  and  failed  within  a  reasonable  time,  to  give  information 
thereof  to  the  operator  or  to  some  person  superior  to  such  intestate 
engaged  in  the  service  or  employment  of  the  defendant,  is  insufficient 
for  failure  to  aver  that  the  intestate  was  charged  with  the  duty  of 
informing  the  operator  of  the  alleged  dangerous  condition  of  the  roof. 

Henderson  v.  Tennessee  Coal,  Iron  A  Railroad  Co.  (Alabama),  67  Southern,  414, 
p.  415,  December,  1914. 

MINES  AND  MINING  OPERATIONS. 

NEGIilGBNCE   OF  OPEBATOB. 

DEFINITION    OF   NEGLIGENCE. 

Negligence  in  a  l^al  sense  is  a  failure  on  the  part  of  a  mine  operator 
to  observe  for  the  protection  of  the  interests  of  the  miner  that  d^reo 
of  care,  precaution,  and  vigilance  which  the  circumstances  justly 
demand,  whereby  the  miner  suffers  injury. 

Darby  Coal  Mining  Co.  v.  Shoop  (Virginia),  83  Southeastern,  412,  p.  416,  November, 
1914. 

NEGLIGENCE   OF   OPERATOR    AND   THIRD   PERSON — ^EFFECT. 

Where  an  injury  is  sustained  by  a  miner  as  the  result  of  the  oper- 
ator's negligence  in  failing  to  provide  him  with  a  reasonably  safe 
place  to  work,  or  reasonably  safe  machinery  or  tools  with  which  to 
perform  his  work,  although  such  negUgence  would  not  have  caused 
the  injury  complained  of,  but  for  the  intervening  negligent  act  of 
another  miner  in  the  same  field  of  service  with  the  injured  miner, 
the  fellow  servant  doctrine  can  not  be  invoked  by  the  operator  to 
escape  liability  for  the  injury,  as  in  such  case  the  negligence  of  the 
fellow  servant  will  be  treated  as  combining  with  that  of  the  master 
in  causing  the  injury,  or  he  will  be  regarded  as  the  vice  principal  of 
the  operator  and  his  negUgence  imputed  to  the  operator,  and  in 
either  case  the  primary  negligence  of  the  operator  will  be  regarded 
as  the  proximate  cause  of  the  injury. 

Fluhart  Collieries  Co.  v.  Meets  (Kentucky),  169  Southwestern,  686,  p.  687,  October, 
1914. 
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DEGREE   OF   CARE   REQUIRED LIABILITY. 

A  person  guilty  of  negligence  or  an  omission  of  duty  should  be 
held  responsible  for  all  tiie  consequences  which  a  prudent  and  ex- 
perienced man  fully  acquainted  with  all  the  circumstances  which  in 
fact  exist,  whether  they  coidd  have  been  ascertained  by  reasonable 
diligence  or  not,  or  would  have  thought  at  the  time  of  the  negligent 
act  as  reasonably  possible  to  follow,  if  they  had  been  suggested  to 
his  mind. 

Producere'  Oil  Co.  v.  Eaton  (Oklahoma),  143  Pacific,  9,  p.  10. 

I>EGREE   OP  CARE — ^DANGERS   NOT   ANTICIPATED. 

The  operator  of  a  mine  is  not  to  be  charged  with  negligence  because 
he  worked  it  on  the  pillar  system,  supporting  the  roof  with  props, 
where  a  sufficient  supply  of  timber  was  furnished  at  the  entrance  of 
the  working  place;  and  an  operator  can  not  be  held  liable  for  the  death 
of  a  miner  resulting  by  the  fall  of  a  portion  of  the  roof  due  to  a 
"squeeze"  because  he  failed  to  provide  for  cribbing  instead  of  props, 
and  especially  where  the  mine  was  not  one  that  is  called  an  imsafe 
mine;  ajid  the  fact  that  the  proof  showed  that  the  accident  would 
not  have  happened  if  cribbing  had  been  used  is  not  of  controlling 
iofluence,  as  such  testimony  is  given  in  the  hght  of  what  has  occurred 
and  is  of  little  value  in  determing  whether,  when  considering  the 
character  of  the  working  place  and  the  past  history  of  the  mine, 
the  '^ squeeze"  should  have  been  anticipated  and  guarded  against 
hy  cribbing  instead  of  props. 

Lindquist  v.  Pacific  Coast  Coal  Co.  (Washington),  142  Pacific,  445,  p.  447. 

PROXIMATE   CAUSE   OF   INJURY. 

A  charge  of  negligence  in  an  action  by  an  injured  miner  against  a 
muie  operator  in  failing  to  furnish  a  linchpin,  and  by  reason  of  which 
the  wheel  of  a  coal  car  came  oflf  and  the  miner  was  injured  while 
reaching  for  the  wheel  inside  of  the  shaft,  is  not  supported  by  proof 
that  the  miner  while  reaching  inside  of  the  shaft  for  the  car  wheel 
which  had  come  oflf  of  the  car  because  there  was  no  linchpin  and 
was  while  projecting  his  head  and  body  inside  of  the  shaft  struck  on 
the  head  by  falling  material,  the  cause  of  the  falling  material  being 
unknown,  there  being  no  causal  connection  between  the  alleged 
negligence  on  the  part  of  the  operator  in  failing  to  furnish  a  suitable 
linchpin  and  the  falling  material  that  actually  produced  the  injury. 
The  rule  is  that  an  injury  for  which  damages  are  sought  must  be  the 
natural  and  probable  consequence  of  the  neghgence  charged  and  must 
he  of  such  a  character  as  an  ordinarily  prudent  person  ought  to  have 
foreseen,  and  might  probably  occur  as  a  result  of  the  alleged  negUgence. 

Jeokins  v.  La  Salle  County  Carbon  Coal  Co.  (Illinois),  106  Northeastern,  186,  p.  187, 
October,  1914. 
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A  coal-mining  corporation  is  not  liable  for  the  death  of  a  miner 
who,  in  violation  of  a  rule  of  the  mine,  attempted  to  pass  through  a 
cage  at  the  bottom  of  the  shaft  and  was  killed  by  a  sudden  starting 
of  the  cage,  and  where  the  rule  required  the  miners  at  the  bottom 
of  the  shaft  to  use  the  passageway  around  the  cage  in  passing  from 
one  side  of  the  shaft  to  the  other;  and  negligence  can  not  be  imputed 
to  the  mining  company  because  of  its  failure  to  equip  its  mine 
and  shaft  with  a  speaking  tube  or  telephone  connection,  where  the 
want  of  such  speaking  tube  or  telephone  connection  in  no  manner 
contributed  to  the  death  of  the  miner. 

Colorado  Capitol  Coal  Mining  Co.  v.  Chatfield  (Colorado),  143  Pacific,  1095,  p.  1096. 
PROXIMATE    CAUSE   OF   INJURY — QUESTION   OF  FACT. 

The  question  as  to  whether  or  not  a  negligent  act  involving  a 
breach  of  duty  on  the  part  of  an  oil-drilling  company  to  its  employee 
is  the  proximate  cause  of  *an  injury  to  such  employee  is  one  of  fact 
for  the  determination  of  a  jury,  if  there  is  any  evidence  whatever 
reasonably  tending  to  prove  the  same. 

Producers'  Oil  Co.  v.  Eaton  (Oklahoma),  143  Pacific,  9,  p.  11. 

ACCIDENT   AS   PROXIMATE   CAUSE   OF   INJURY. 

A  coal-mining  company  loading  coal  from  its  tipple  into  a  car 
standing  on  a  spur  or  side  track  is  not  Uable  for  an  injury  to  a  person 
walking  along  the  main  track  opposite  the  tipple  at  a  distance  of 
18  feet  from  the  side  track  on  which  the  coal  car  was  standing,  where 
the  injury  was  caused  by  a  single  block  or  lump  of  coal  bounding 
over  the  side  of  the  car  and  striking  the  traveler  on  the  leg,  though 
an  employee  of  the  coal  company  had  stated  to  the  traveler  that 
it  was  safe  to  walk  on  the  main  track  past  the  tipple  and  the  coal 
car  in  process  of  loading,  as  in  the  particular  case  the  proximate 
cause  of  the  injury  was  a  pure  accident  and  not  the  result  of  actionable 
negligence  on  the  part  of  the  coal  company. 

lOrk  V,  West  Virginia  Colliery  Co.,  215  Fed.,  77,  p.  78. 

QUESTIONS    OF   FACT- 

The  questions  of  the  negligence  of  a  coal  company  and  the  con- 
tributory neghgence  of  a  miner  are  questions  to  be  determined 
by  the  jury  where  the  evidence  shows  that  the  miner  lost  his  life 
while  engaged  with  other  employees  in  making  repairs  upon  the  coal 
tipple,  and  while  standing  upon  a  platform  used  for  making  the 
repairs  and  attempting  to  remove  an  iron  shaft  of  the  tipple  in  order 
that  it  might  be  replaced  by  a  larger  shaft  a  plank  of  the  platform 
upon  which  the  miner  was  standing  shpped  from  a  girder  upon 
which  it  rested,  causing  him  to  be  thrown  down  to  a  coal  car  some 
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25  feet  below  the  platform,  causing  his  death,  and  where  it  appeared 
that  the  repairs  were  being  made  m  the  night  and  the  only  light 
was  that  furnished  by  miners'  lamps  in  the  caps  of  the  workmen. 

Intentote  Coa\  Co.  v,  Shelton  (Kentucky),  169  Southwestern,  646,  October,  1914. 
Darbv  Coal  Mining  Co.  v,  Shoop  (Virginia),  83  Southeastern,  412,  p.  415,  November, 
1914. 

Where  according  to  the  custom  of  a  mine  it  was  the  duty  of  the 
operator  to  prop  the  roof  of  a  roadway,  the  questions  of  the  opera- 
tor* s  negligence  in  this  respect  and  of  the  miner  s  contributory  negli- 
gence are  for  the  jury  to  determine  and  can  not  bo  passed  upon  by 
a  court  as  a  matter  of  law. 

Stringer  v,  York  (Kentucky),  170  Southwestern,  527,  November,  1914. 

RELATION    OF    MASTER    AND    8EBVANT — ^MINER    BIDING    OUT    OF    MINE 

AFTER   WORK. 

A  coal-mine  operator  can  not  escape  liabiUty  for  the  death  of  a 
miner  caused  by  a  shot  and  a  subsequent  explosion  of  coal  dust 
while  the  miner  with  others  was  being  hauled  out  of  the  slope  after 
he  had  ceased  his  work  in  the  mine  on  the  theory  that  the  relation 
of  master  and  servant  terminated  m>t  the  time  the  miner  quit  work 
in  the  mine  and  the  relation  did  not  exist  while  he  was  being  hauled 
out  of  the  slope  of  the  mine  and  no  duty  was  owing  him  by  the 
operator;  but  as  a  matter  of  law  the  relation  of  master  and  servant 
under  such  circumstances  continued  until  the  miner  was  taken  from 
the  mine. 

Great  Western  Coal<fe  Coke  Co.  v.  McMahan  (Oklahoma),  143  Pacific,  23. 
Great  Western  Coal  <k  Coke  Co.  v.  Cunningham  (Oklahoma),  143  Pacific,  26. 
Great  Western  Coaldr  Coke  Co.  v,  Coffman  (Oklahoma),  143  Pacific,  30. 
Great  Western  Coal  &  Coke  Co.  v,  Boyd  (Oklahoma),  143  Pacific,  36. 
Great  Western  Coal<fe  Coke  Co.  v.  Belcher  (Oklahoma),  143  Pacific,  36. 
San  Bois  Coal  Co.  v.  Kesetz  (Oklahoma),  143  Pacific,  46. 

FAILURE    TO   INSPECT   ROOF. 

It  is  a  matter  of  common  knowledge  whore  shots  are  fired  in  a 
mine  and  where  the  roof  is  of  such  height  that  miners  can  not  ascer- 
tain for  themselves  whether  they  are  working  in  an  obviously  dan- 
gerous place  proper  inspection  should  be  made  and  trimming  or 
brushing  done  from  time  to  time  as  needed  to  make  the  place 
reasonably  safe,  and  in  case  of  injury  to  a  miner  by  a  fall  of  slato  or 
rock  it  is  fairly  inferable  that  the  neghgence  of  the  operator  in 
failing  to  inspect  and  trim  or  brush  the  roof  at  reasonable  intervals 
was  the  proximate  cause  of  the  injury,  and  the  jury  may  fairly  infer 
that  an  ordinary  inspection  of  the  roof  would  have  revealed  tho  loose 
condition  of  the  rock  in  time  to  have  prevented  tho  injury. 

Scott  V,  American  Lead  dc  Smelting  Co.  (Missouri  Appeals),  173  Southwestern,  23, 
p.  26,  January,  1915. 
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INJURIES   FROM    BLASTING. 

A  mining  company  in  blasting  rock  preparing  for  the  construction 
of  a  tipple  for  its  mining  plant  is  liable  for  damages  to  a  child  caused 
from  the  rock  thrown  by  the  blast,  under  the  rule  that  where  blasting 
operations  result  in  a  direct  trespass  upon  the  premises  injured  by 
casting  soil  or  rock  thareon,  the  liability  of  the  person  causing  the 
injury  is  absolute,  and  it  must  respond  in  damages  irrespective  of 
the  question  of  negUgence  or  want  of  skill,  and  without  regard  to 
whether  precautions  are  used  or  not  to  prevent  the  injury  complained 
of,  as  the  act  itself  is  a  nuisance,  and  this  liabiUty  attached  to  the 
mining  company  although  the  house  in  which  the  parent  lived  and 
in  which  the  child  was  injured  belonged  to  the  mining  company. 

Allegheny  Coke  Co.  v.  Massey  (Kentucky),  174  Southwestern,  499,  March,  1915. 

NO    LIABILITY   FOR    ACCIDENTAL   INJURIES. 

A  mine  operator  is  not  liable  for  an  injury  to  a  miner  who  was 
sent  with  another  miner  to  load  a  barrel  of  oil  on  a  car  and  where 
the  miner  while  in  the  act  of  jumping  from  the  car  to  avoid  danger 
was  injured  by  a  heavy  plank  •liding  down  a  hillside,  which  had 
been  accidentally  dropped  by  two  other  miners  coming  to  assist  in 
loading  the  barrel  of  oil  on  the  car  and  who  were  carryiag  the  plank 
for  the  purpose  of  facilitating  the  loading  of  the  barrel  of  oil. 

Farris  v.  Cabin  Creek  Consolidated  Coal  Co.,  220  Fed.,  813,  p.  815,  February,  1915. 

FAILURE   TO    INSPECT   FOR   MISSED   SHOTS. 

The  rule  that  a  mine  operator  is  not  required  to  furnish  a  safe 
place  for  miners,  where  the  perils  to  the  working  place  are  caused 
by  the  progress  of  the  work  in  which  the  miners  are  engaged,  does 
not  apply  to  persons  engaged  in  drilling  holes  for  firing  shots,  as 
such  work  is  not  work  of  construction  or  repair  and  in  which  the 
risks  are  caused  by  the  progress  of  the  work  and  are  assumed  by  the 
miner;  but  the  operator  directs  the  drillers  to  work  in  places  pre- 
pared for  them  as  they  are  moved  about  the  mine  from  drift  to  drift, 
and  the  operator  has  undertaken  to  inspect  each  working  place  before 
assigning  the  drillers  to  the  work  there;  and  under  such  circumstances 
an  operator  is  liable  for  failure  to  give  proper  inspection  to  discover 
*^  missed  shots,''  where  such  missed  shots  could  have  been  discovered 
by  inspection,  and  the  operator  is  not  relieved  from  the  duty  of 
inspection  and  of  liability  for  failure  to  inspect  for  shots  simply 
because  drillers  themselves  do  generally  look  out  for  missed  shots. 

Balakalala  Consolidated  Copper  Co.  v.  Reardon,  220  Fed.,  584,  p.  589,  February, 
1915. 
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ACTIONS— PLEASING  AND  PBOOF  OF  NSOUGBNOE. 
EFFECT  AND  WEIGHT  OF  EXPERT  EVIDENCE. 

In  an  action  by  an  injured  employee  for  damages  caused  by  the 
alleged  n^ligence  of  an  oil  drilling  company,  it  is  error  for  the  court 
to  instruct  t^e  jury  that  no  reliance  is  to  be  placed  on  or  aid  to  be 
gained  from  the  opinion  evidence  of  experts;  but  the  jury  may  be 
instructed  that  they  may  disregard  such  evidence  if  they  deem  it 
unreasonable  or  not  entitled  to  belief  because  of  other  and  contra- 
dicting evidence  from  witnesses  claiming  positive  knowledge. 

FhMiucen'  Oil  Co.  v.  Eaton  (Oklahoma),  143  Pacific,  9,  p.  11. 

PLEADING  NEGLIGENCE — ^VARIANCE. 

In  an  action  by  an  injured  miner  for  damages  there  can  be  no  re- 
covery under  an  allegation  of  the  failure  of  the  mine  operator  itself 
to  prop  the  roof  where  the  miner  was  working  and  of  its  failure  to 
furnish  the  miner  a  reasonably  safe  place  to  work,  where  the  evidence 
shows  a  failure  on  the  part  of  the  operator  to  furnish  the  miner  suffi- 
cient props  and  caps  to  support  the  roof;  and  imder  such  allegations 
evidence  of  the  failure  of  the  operator  to  furnish  the  miner  props  and 
caps  to  support  the  roof  is  not  admissible. 

Palmer  v.  Empire  Coal  Co.  (Kentucky),  172  Southwestern,  97,  p.  98,  January,  1914. 
INJUBY  FROM    COAL-DUST  EXPLOSION — SUFFICIENCY    OF    COMPLAINT. 

A  complaint  in  an  action  by  a  miner  injured  by  a  coal-dust  explo- 
sion is  sufficient  where  it  sets  out  the  several  duties  cast  upon  the 
mine  operator  by  the  statute  of  Illinois,  but  alleges  one  breach  only, 
and  that  the  operator  willfully  failed  to  see  that  a  certain  roadway 
which  was  so  dry  that  the  air  therein  was  clouded  with  dust  was 
thoroughly  sprinkled,  sprayed,  or  cleaned  as  the  statute  requires, 
whereby  the  explosion  and  consequent  injury  to  the  plaintiff  followed. 

Eldondo  Coal  &  Mining  Co.-  v,  Mariotti,  215  Fed.,  51,  p.  55. 

SUFFICIENCY  OF  COMPLAINT  BY  INJUBED  MINBB. 

A  complaint  in  an  action  by  an  injured  miner  against  a  mine  oper- 
ator is  sufficient  where  it  charges  a  defect  in  a  chain^  and  that  it 
was  weak  and  not  sufficient  for  the  purpose  for  which  it  was  fur- 
nished and  averring  that  it  was  too  weak,  and  insufficient,  to  perform 
the  functions  for  which  it  was  furnished  and  that  it  broke  while  being 
used  and  by  reason  of  which  the  injury  occurred. 

Southern  lion  &  Steel  Co.  v.  Boston  (Alabama),  66  Southern,  684,  p.  685,  November, 
1914. 
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INSUFFICIENCY  OF  COMPLAINT   BY   INJURED  MINER. 

A  complaint  in  an  action  for  personal  injuries  for  the  alleged 
negligence  of  a  mine  operator  for  failure  to  exercise  reasonable  care 
in  furnishing  a  miner  a  reasonably  safe  place  to  work^  is  insufficient 
where  it  does  not  charge  any  inherent  defect  or  knowledge  in  the 
plant,  ways,  or  works,  or  any  other  neglect  by  the  operator  in  the 
performance  or  discharge  of  a  nondelegable  duty,  and  where  the 
negligence  ascribed  was  the  failure  to  discharge,  by  some  servant, 
the  delegable  duty  of  properly  or  sufficiently  fastening  a  cable  to  the 
trip  or  chain,  and  where  there  was  no  charge  that  the  cable  was  not 
adaptable  to  the  use  for  which  it  was  furnished,  or  that  it  was  de- 
fective or  dangerous,  as  from  all  the  allegations,  the  works  may  have 
been  perfectly  safe  and  the  cable  sound  and  sufficient  and  the  only 
negligence  was  the  failure  of  a  fellow  servant  to  properly  fasten  the 
cable  to  the  trip  or  chain  so  that  it  would  not  come  loose. 

Southern  Iron  &  Steel  Co.  v.  Boston  (Alabama),  66  Southern,  684,  p.  685,  November, 
1914. 

INJURY  TO  LICENSEE — WILLFUL   INJURY. 

In  an  action  by  a  licensee  for  an  injury  while  riding  on  a  tramcar 
in  a  mine,  a  complaint  is  insufficient  which  alleges  that  the  engineer 
or  servant  of  the  mine  operator,  who  was  in  charge  and  control  of  the 
engine  and  tramcar,  wantonly,  willfully,  or  intentionally  wrecked  and 
derailed  the  tramcar  upon  which  the  plaintiff  was  riding  in  the  mine, 
and  that  by  reason  of  such  wanton,  willful,  or  intentional  act  of  the 
engineer  the  plaintiff  was  badly  injured,  but  which  fails  to  aver  that 
the  engineer  knew  that  the  plaintiff  was  on  the  car,  as  the  averments 
only  characterizes  the  act  and  not  the  injury  as  wanton  or  willful. 

Woodward  Iron  Co.  v.  Finley  (Alabama),  66  Southern,  587,  November,  1914. 

ALLEGATIONS  AS  TO  SAFE  PLACE. 

In  an  action  by  a  miner  against  a  mine  operator  for  damages  for 
injuries  to  the  miner  on  the  ground  of  the  alleged  negligence  of  the 
mine  operator,  it  is  sufficient  where  it  avers  that  the  alleged  negli- 
gence related  to  employment  in  operating  a  coal  mine  and  the  negli- 
gence of  the  operator  to  use  reasonable  care  to  provide  a  reasonably 
safe  place  to  work ;  and  if  act  of  the  negligence  resulting  in  the  injury 
was  that  of  a  fellow  servant,  this  is  a  matter  of  defense,  not  requiring 
a  negative  averment  in  the  complaint.  It  is  also  unnecessary  to  aver 
ignorance  on  the  part  of  the  plaintiff  of  the  dangerous  character  of  the 
appliance  or  want  of  means  of  ascertaining  its  dangerous  character,  as 
the  miner  in  such  case  has  the  right  to  assume  that  the  operator  has 
performed  his  duty  unless  the  danger  be  so  open  and  apparent  that 
the  miner  is  bound  to  see  and  thereby  assume  the  risk;  but  even  in 
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such  case  no  negative  averment  is  required,  as  this  ]a  a  matter  of 
defense. 

YaUbv.  dozer  Coal  &  Coke  Co.  (WeetYizginia),  84  Southeastern,  626,  p.  627,  March, 
1915. 

INJUBY  TO   MINER — ^EXCLUSIVE   REMEDY. 

An  injured  miner  can  not  in  the  same  complaint,  by  different  counts 
recover  for  compensation  for  his  injury  under  the  workman's  compen- 
sation law  and  under  another  count  recover  damages  for  pain  and 
soff^ing  and  for  disfigurement  of  his  body  from  the  same  injury  and 
resulting  from  the  ne^igence  of  a  mine  operator,  as  the  remedy  under 
the  compensation  act  is  exclusive. 

McBoberts  v.  National  Zinc  Co.  (Eanisas),  144  Pac.  247,  November,  1914. 

PLEADING  AFFIRMATIVE   DEFENSE. 

Contributory  negligence  in  the  State  of  California  is  an  affirmative 
defense  which  must  be  pleaded  and  while  a  pleader  may  charge  con- 
tributory negligence  in  general  terms,  yet  he  is  required  to  plead  the 
facts  of  such  negligence  and  the  facts  pleaded  must  show  a  causal 
connection  with  the  injury.  Contributory  negligence  in  law  is  predi- 
cated on  the  existence  of  negligence  on  the  part  of  the  defendant,  the 
responsibility  for  which  he  seeks  to  avoid  by  showing  a  concurrent 
and  contributing  negligence  upon  the  part  of  the  person  injured. 

Crabbe  v.  Mammoth  Channel  Gold  Mining  Co.  (California),  143  Pacific,  714,  p.  716. 
RECOVERY  MUST  BE  BASED  ON  ALLEGATIONS   OF  THE  PLEADING. 

A  miner  suing  for  injuries  caused  by  the  presence  of  poisonous  gas 
in  his  working  room  in  the  mine,  caused  by  the  alleged  breach  by  the 
mine  operator  of  the  statutory  duty  ''to  provide  and  maintain  a  good 
and  sufficient  amount  of  ventilation/^  in  that  the  mine  operator  neg- 
ligently failed  to  put  an  opening  in  the  partition  wall  between  two 
rooms,  by  means  of  which  proper  ventilation  might  have  been  sup- 
plied, can  not  recover  where  it  appears  from  the  evidence  that  the 
lack  of  the  opening  referred  to  in  the  pleading  did  not  contribute  in 
any  way  whatever  to  the  plaintiff's  injuries  for  the  reason  that  there 
was  no  air  circulating  in  the  entry  to  which  the  opening  would  have 
led,  but  the  lack  of  ventilation  was  due  to  the  fact  that  there  had  been 
''a  short  circuit"  in  the  main  air  current,  produced  by  the  enlarge- 
ment of  a  ventilating  door  or  hole  in  a  different  part  of  the  mine  and 
which  prevented  the  air  from  circulating  in  the  part  of  the  mine  where 
the  miner  was  engaged. 

Terry  v.  NoiihweBiem  Coal  A  Mining  Co.  (MiBsouri  Ap]>ealB),  175  Southwestern,  140, 
p.  143,  April,  1915. 
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PROOF  OF  CUSTOM  INADMISSIBLE. 

Under  a  contract  between  a  mine  owner  and  a  miner,  by  which  the 
miner  was  given  the  exclusive  right  to  mine  all  the  coal  in  a  certain 
defined  territory  but  stating  no  time  within  which  the  coal  should  be 
mined,  testimony  is  inadmissible  for  the  purpose  of  showing  a  general 
custom  or  usage  in  the  particular  mining  district  to  the  effect  that 
contracts  of  miners  with  operating  companies  for  the  mining  and 
removing  of  coal  were  subject  to  termination  at  the  will  of  either  party, 
as  evidence  of  a  custom  or  usage  is  not  admissible  if  it  contradicts 
expressly  or  by  imphcation  the  terms  of  a  contract. 

Pratt  Consolidated  Coal  Co.  v.  Short  (Alabama),  68  Southern,  63,  p.  67,  February, 
1916. 

REPORT  OF   MINE   INSPECTOR   AS   EVIDENCE. 

In  an  action  against  a  mine  operator  for  damages  for  the  death  of  a 
motor  driver  or  engineer,  due  to  an  alleged  defect  in  the  motor  track, 
the  district  mine  inspector's  report  is  not  proper  evidence  on  the  trial 
of  the  case,  particularly  so  where  the  mine  inspector  is  present  in 
person  and  testified  as  to  what  he  knew  about  the  condition  of  the 
mine. 

Jaggie  V.  Davis  Colliery  Co.  (West  YlTginia),  84  Southeastern,  941,  p.  944,  April,  1915. 
EVIDENCE  TO  CONTRADICT  A   MINE  FOREMAN. 

In  an  action  against  a  mine  operator  for  the  death  of  a  trip  driver 
caused  by  an  alleged  defect  in  the  motor  track,  causing  the  motor  to 
be  derailed,  knocking  down  a  prop,  and  causing  loose  rock  to  fall  upon 
and  kill  the  driver,  it  is  proper  to  show  by  a  witness,  for  the  purpose  of 
contradicting  evidence  of  the  mine  foreman,  that  the  mine  foreman 
had  told  the  witness  shortly  after  the  accident  that  it  was  caused  by  a 
bad  joint  in  the  track. 

Jaggie  V.  Davie  Colliery  Co.  (West  Virginia),  84  Southeastern,  941,  p.  943,  April,  1915. 

DUTY  TO  FT7BNISH  SATE   PLAGE. 
DILIGENCE   COMMENSURATE    WITH   DANGER. 

It  is  the  duty  of  a  mine  owner  to  exercise  ordinary  care  to  pro- 
vide a  reasonably  safe  place  in  which  the  miners  may  perform  their 
work,  and  he  must  use  diligence  to  keep  the  place  in  a  reasonably 
safe  condition,  and  the  diligence  required  must  be  commensurate 
with  the  character  of  the  services  required  and  with  the  dangers  a 
prudent  man  would  comprehend  under  the  circumstances  of  each 
particular  case,  and  a  mine  owner  or  operator  is  liable  for  any  injury 
resulting  from  a  failure  to  exercise  such  care;  and  it  is  the  corre- 
sponding duty  of  a  miner  employed  to  exercise  that  degree  of  care 
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which  is  commensurate  with  the  character  of  his  occupation  and 
that  which  a  reasonably  prudent  person  would  use  under  like  cir- 
cumstances to  protect  himself  from  injury. 

Bock  laland  Coal  Mining  Co.  v.  Davis  (Oklahoma),  144  Pacific,  600,  p.  603,  Decem- 
ber, 1914. 

DUTY     TO     FXHRNISH     SAFE     WORKING     PLACE — NONDELEGABLE     DUTY. 

Tunnels  and  entries  in  a  mine  are  parts  of  the  plant  that  the  mine 
owner  or  operator  must  furnish  to  his  miners  and  he  must  make 
thiHu  of  sufficient  width  and  height  to  permit  cars  to  enter  and  leave 
the  mine  and  provide  sufficient  space  between  the  tracks  and  ribs  or 
walls  of  coal  to  protect  miners  at  their  work ;  and  the  duty  to  pro- 
vide proper  passageways  in  a  tunnel  is  a  nondelegable  duty  imposed 
upon  the  mine  owner  or  operator,  and  it  is  not  one  of  the  statutory 
duties  imposed  upon  the  mine  foreman.  The  duty  of  providing 
reasonably  safe  haulageways  with  sufficient  space  to  aUow  a  driver 
to  pass  between  the  cars  and  at  least  one  wall  of  the  mine  remains 
in  the  mine  owner  or  operator,  and  his  liability  depends  u]>on  whether 
he  complies  with  the  requirements  of  the  law,  and  in  the  absence  of 
l^islative  demands  he  must  make  such  haulageways  reasonably 
safe  for  the  purpose  for  which  they  are  used. 

Watson  V.  Monongahela  River  Consolidated  Coal  &  Coke  Co.  (Pennsylvania),  93 
AtlaDtic,  625,  p.  626,  January,  1915. 

FAILURE  TO  PROVIDE  REFUGE  HOLES. 

Tlie  operator  of  a  mine  may  be  liable  on  a  charge  of  negligence  for 
tiie  death  of  a  coal  miner  struck  while  on  a  slope  in  a  coal  mine  by  a 
running  car  on  the  ground  of  negligence  in  the  failure  to  provide 
places  of  refuge  or  other  safety  devices  in  the  slope  where  the  deceased 
miner  and  others  were  required  to  pass  in  and  out  of  the  slope  at 
the  time  cars  were  being  operated  upon  a  track  in  the  slope. 

Parkdale  J^el  Co.  v.  Taylor  (Colorado),  144  Pacific,  1138. 

DUTY  OF  OPERATOR  TO  PROVIDE  REFUGE  HOLES. 

The  statute  of  Indiana,  section  8581,  Bums's  Annotated  Statutes, 
1914,  requires  mine  operators  to  provide  places  or  refuge  holes  in 
the  side  walls  of  the  mine  of  every  haulageway  used  as  a  passageway 
by  employees  in  traveling  to  and  from  their  work  where  there  is 
not  a  clear  space  of  at  least  3  feet  in  width  between  the  side  of  the 
car  and  the  wall  or  rib;  and  a  complaint  in  an  action  by  a  miner  for 
an  injury  is  sufficient  where  it  avers  that  the  operator  failed  to  pro- 
vide such  places  of  refuge  and  the  space  was  less  than  3  feet  in  width 
and  the  miner  was  injured  while  passing  along  the  haulageway;  and 
the  complaint  need  not  allege  that  it  was  practicable  to  construct 
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places  of  refuge  without  interfering  with  the  working  of  the  mine; 
nor  is  it  necessary  to  allege  that  the  operator  had  actual  or  construe* 
tive  notice  that  the  space  between  the  side  wall  and  the  car  was  less 
than  3  feet,  as  the  violation  of  a  statutory  duty  is  negligence  per  se. 

Vandalia  Coal  Co.  v,  Coakley  (Indiana  Appeals),  180  Northeastern,  382,  p.  384, 
March,  1915. 

FAILURE    TO    MARK    DANGEROUS    PLACE — PROXIMATE    CAUSE. 

The  fact  that  miners  are  engaged,  under  the  direction  of  the  mine 
manager,  in  cleaning  up  a  coal  mine  after  a  shutdown  of  several 
monthS;  and  working  under  his  general  direction  to  make  dangerous 
places  safe  does  not  reheve  the  mine  operator  of  the  statutory  duty 
of  having  the  mine  examined  by  the  proper  mine  examiner  and  of 
marking  the  dangerous  places.  The  question  of  whether  the  failure 
of  the  mine  examiner  to  mark  the  dangerous  places  was  the  proxi- 
mate cause  of  the  injury  is  a  question  of  fact  for  a  jury  to  determine 
on  the  trial  of  the  cause. 

Wilson  r.  Danville  Collieries  Co.  (Illinois),  106  Northeastern,  194,  p.  196,  October, 
1914. 

INJURY  FROM  FALL  OF  ROOF — ^PRIMA  FACIE  CASE. 

Proof  that  a  coal  miner  was  injured  by  a  fall  of  slate  from  the  roof 
of  an  entry  which  it  was  the  operator's  duty  to  maintain  and  keep 
in  a  reasonably  safe  condition,  and  that  the  miner  had  not  removed 
any  coal  from  the  particular  part  of  the  entry  and  had  done  no  act 
that  could  have  occasioned  the  fall  of  the  slate,  is  suflScient  to  make  a 
prima  facie  case  of  negligence  under  the  doctrine  of  res  ipsa  loquitur. 

Main  Jellico  Mountain  Coal  Co.  v.  Young  (Kentucky),  169  Southwestern,  841, 
p.  842,  October,  1914. 

COMPLETED   CHAMBEB. 

The  rule  that  a  mine  operator  is  not  required  to  furnish  a  reason- 
ably safe  working  place  to  a  miner  where  the  conditions  of  the  work- 
ing place  are  constantly  changing  does  not  apply  to  a  completed 
chamber  or  station,  and  where  there  are  no  such  changing  conditions 
in  the  chamber  or  station  which  make  it  impracticable  to  make  it 
safe,  and  especially  where  the  mine  operator  had  timber  lying  unused 
at  the  mouth  of  the  shaft  that  would  unquestionably  have  made  the 
place  safe. 

Crabbe  v.  Mammoth  Channel  Gold  Mining  Co.  (California),  143  Pacific,  714,  p.  716. 

SAFE   PASSAGEWAY. 

The  relation  of  mine  owner  or  operator  and  a  miner  raises  a  legal 
duty  upon  the  part  of  the  operator  to  furnish  the  miner  with  a  reason- 
ably safe  place  in  which  to  work,  and  this  duty  carries  with  it  the 
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obligation  to  see  that  a  passageway  through  the  mine  to  and  from 
the  miner's  working  place  was  reasonably  safe. 

Haszard  v.  CoDBolidated  Coal  Co.  (Michigan),  149  NorthweBtem,  991,  p.  992,  Decem- 
ber, 1914. 

DUTT  OF  OPKKATOB  TO   MAINTAIN  MOTOR  TRACKS   IN  MINE. 

Motor  tracks  in  a  main  haulageway  of  a  coal  mine  partake  of  the 
nature  of  both  a  place  and  an  appliance,  and  as  they  are  permanently 
laid  in  the  miae  they  therefore  become  a  part  of  the  place  and  are 
essential  to  the  operation  of  the  motor  and  therefore  an  appliance  for 
the  removal  of  coal,  and  it  is  the  duty  of  the  mine  operator  to  main- 
tain his  motor  and  motor  tracks  in  a  reasonably  safe  and  suitable 
condition  for  the  safety  of  an  employee  operating  a  motor  in  hauling 
coal  out  of  a  mine. 

Jaggie  V.  Davis  Colliery  Co.  CWeet  Yii^ginia),  84  Southeastern,  941,  p.  942,  April,  1915. 
Crockett  v.  Keystone  Coal  a  Coke  Co.  (West  Virginia);  84  Southeastern,  948,  April, 
1915. 

REIJWTIVIS  DUTY  OF  OPERATOR  AND  FOREMAN   AS  TO  MOTOR  TRACKS. 

The  statute  of  Alabama  requires  a  mine  operator  to  employ  a  mine 
foreman  and  prescribes  the  duties  of  the  mine  foreman  to  be,  among 
other  things,  to  keep  and  carefully  watch  over  the  ventilating  appa- 
ratus and  the  airways,  travelingways,  pumps,  and  drainage,  and  to 
see  that  proper  break-throughs  are  made,  brattices  used,  no  loose 
coal,  slate,  or  rock  is  hanging  overhead  or  along  the  haulageways,  and 
sufficient  props,  caps,  and  timbers  are  furnished  to  miners,  the  water 
drained  out  of  the  working  places  and  recesses  made  along  the  haul- 
ageways of  not  less  than  100  feet  apart  between  the  wagon  and  the 
ribs  for  refuge,  and  provide  a  proper  system  of  signals  and  hghts  where 
hauling  is  done  by  machinery  of  any  Idnd ;  but  nowhere  is  the  foreman 
expressly  given  supervision  of  the  motor  tracks,  and  he  is  not  required 
to  see  that  they  are  maintained  in  a  safe  and  suitable  condition,  nor 
does  the  statute  mean  to  impose  that  particular  duty  upon  the  mine 
foreman,  as  supervision  of  the  tracks  is  not  a  duty  to  be  imphed  and 
it  is  not  essential  to  the  complete  performance  of  any  of  the  acts  ex- 
pressly required  of  the  mine  foreman;  and  imder  the  statute  thus 
considered  it  therefore  remains  the  imperative  duty  of  the  mine 
operator  to  see  that  the  tracks,  trolley  wire,  and  motors  are  maintained 
in  a  reasonably  safe  condition. 

Jaggie  V,  Davis  Colliery  Co.  {West  Virginia),  84  Southeastern,  941,  p.  942,  April,  1915. 
Crockett  v.  Kevstone  Coal  &  Coke  Co.  (West  Vii^ginia),  84  Southeastern,  948,  April, 
1915. 
See  Crockett  v.  Black  Wolf  Coal  &  Coke  Co.  (Alabama),  83  Southeastern,  987. 
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DANGEROUS   TRACK   FOR   MOTOR. 

A  mine  operator  may  be  liable  on  the  ground  of  negligence  for  an 
injury  to  a  motorman  caused  by  a  plank  from  an  old  and  decayed 
floor  over  which  the  car  was  required  to  be  run  flying  up,  protruding 
into  the  cab  and  striking  the  motorman,  where  tiie  operator  main- 
tained its  track  on  an  old  shop  floor,  much  decayed  and  of  doubtful 
strength  and  consistency  to  operate  heavy  motors  upon  even  as  a 
temporary  makeshift,  with  the  knowledge  that  mine  motors  are  neces- 
sarily built  low,  are  operated  dose  to  the  track,  and  loose  boards  on 
the  track  would  be  liable  to  fly  up  and  come  in  on  the  floor  of  the  cab 
where  the  motorman  is  required  to  sit  and  produce  such  an  injury  as 
that  complained  of. 

Yates  r.  Crozer  Coal  &  Coke  Co.  (West  Virginia),  84  Southeastern,  626,  p.  629, 
March,  1915. 

DEFECTIVE  TRACK — DUTY  OF  OPERATOR  TO  REPAIR. 

In  an  action  by  a  miner  for  injuries  caused  by  his  head  being  caught 
between  a  car  he  was  pushing  and  the  wall  or  rib  of  the  entry,  due  to 
an  alleged  defect  in  the  track,  where  the  question  of  liability  depends 
on  whether  the  mine  operator  was  to  lay  the  track  or  whether  it  was 
the  miner's  duty  to  lay  the  track,  the  question  of  negligence  or  con- 
tributory neghgence  becomes  a  question  of  fact  for  the  jury  to  deter- 
mine, and  in  determining  the  question  the  jury  has  the  right  to  con- 
sider the  fact  that  the  miner  was  furnished  light  rails  for  the  track  in  his 
room,  while  the  mine  operator  laid  its  part  of  the  track  with  a  heavier 
rail,  and  to  consider  the  further  fact  whether  the  accident  happened 
while  the  car  was  running  on  the  lighter  rails  or  on  the  heavier  rails; 
and  the  jury  has  a  right  to  rely  upon  the  further  fact  as  tending  to 
make  the  mine  owner  liable,  that  the  pit  boss  had  examined  the  defect 
in  the  track  and  promised  to  have  it  repaired,  as  this  was  a  recognition 
by  the  operator  of  the  duty  upon  his  part  to  repair  the  defect. 

El  Paso  County  Land  &  Fuel  Co.  v.  Perdaris  (Colorado),  147  Pacific,  675,  April*,  1915. 

PROMISE   TO   REPAIR. 

Where  an  employee  or  miner  makes  a  complaint  to  his  employer  of 
a  dangerous  defect  in  his  place  of  work,  or  in  the  appliances  furnished 
him  with  which  to  work,  and  the  employer  makes  an  xmconditional 
promise  to  repair  the  defect,  the  risk  of  the  defect  is  cast  upon  the 
employer  until  such  time  as  would  preclude  all  reasonable  expectation 
that  the  promise  might  be  kept,  unless  the  danger  from  the  defect  is 
so  imminent  that  a  person  of  ordinary  prudence  would  not  risk  injury 
therefrom;  and  there  can  be  no  distinction  in  principle,  in  so  far  as 
the  Uability  of  an  employer  is  concerned,  between  an  unconditional 
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promise  to  repair  and  a  promise  to  repair  on  a  certain  date^  or  after 
the  happening  of  a  particular  event. 

El  Paao  County  Land  k  Fuel  Co.  v.  Perdaris  (Colorado),  147  Pacific,  675,  p.  077,  April, 
191d. 

BSCAPEMENT  FROM   SHAFT — SIGNALING   SYSTEM. 

WMle  the  doctrine  of  safe  place  does  not  apply  in  the  construction 
of  a  mine  shaft,  whether  in  excavating  or  timbering,  yet  an  operator 
may  be  liable  for  a  person  injured  in  the  sinking  of  a  shaft  if  he  failed 
to  ftunish  a  suitable  ladder  by  means  of  which  the  injured  employee 
could  get  out  of  the  shaft  promptly  in  case  of  an  emergency,  and  in 
the  failure  to  furnish  a  proper  and  suitable  signaling  system  from  the 
bottom  of  the  shaft  or  from  points  in  the  shaft,  so  that  the  bucket  or 
cage  could  be  promptly  lowered  or  hoisted  in  case  of  an  emergency 
and  where  workmen  would  be  required  to  get  out  of  the  shaft  quickly 
in  order  to  be  reasonably  safe. 

Benson  v.  Jonee  &  Laugblin  Ore  Co.  (Michigan),  151  North westorn,  707,  p.  708, 
March,  1915. 

LIABILITT  TO   INFANT   EMPLOYEE. 

The  liability  of  an  employer  for  injuries  sustained  by  an  infant 
employee  in  the  course  of  his  employment  depends  upon  the  infant's 
capacity  to  comprehend  and  avoid  the  incidental  dangers  and 
whether  he  is  fully  advised  concerning  them;  but  in  the  absence  of 
such  capacity  and  intelligence  the  employer  can  not  escape  liability 
on  the  groimd  that  the  injury  to  the  infant  or  minor  was  due  to 
accident  or  n^ligence  of  a  fellow  servant;  and  the  duty  imposed 
a3  to  dangers  incident  to  the  work  and  not  patent  to  the  infant,  or 
the  existence  of  which  he  is  not  advised,  or  by  reason  of  lack  of 
incapacity  and  experience  he  can  not  appreciate  or  avoid,  requires 
the  employer  to  respond  in  damages  for  injuries  resulting  from  such 
dangers. 

DHlon  V,  United  States  Coal  <Sc  Coke  Co.  (West  Viiginia),  84  Southeastern,  956,  p. 
%9,  April,  1915. 

DUTY   TO   PROMULGATE   RULES. 

Section  493,  Code  1913  of  Alabama,  requires  every  mine  operator 
to  adopt  special  rules  for  the  government  and  operation  of  his  mine, 
covering  aQ  the  work  pertaining  thereto  in  and  outside  of  the  same 
and  contemplates  the  making  of  a  rule  regulating  the  operation  of 
motors  and  limiting  the  maximum  number  of  loaded  cars  that  may 
be  hauled  on  any  single  trip,  as  this  pertains  to  the  operation  of  the 
mine  and  for  the  reason  that  there  is  more  danger  in  operating  a 
long  train  than  a  short  one,  and  a  rule  on  the  subject  would  be  a 
reasonable  requirement. 

Jaggfie  V.  Davis  CoUiery  Co.  (West  Viiginia),  S4  Southeastern,  941,  p.  943,  April, 
1915. 
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DUTY  TO  PBOVEDE   SAFE   APPLIANCES. 
USING   DEFECTIVE    APPLIANCES — ^MINER's   CARE. 

The  rule  is  that  a  mmer  is  under  no  obligation  to  inspect  the 
instrumentalities  provided  by  the  mine  operator  in  order  to  discover 
concealed  defects  or  dangers  not  disclosed  by  his  superficial  obser- 
vation, but  the  miner  may  assume  that  the  instrumentalities  fur- 
nished him  by  the  mine  operator  are  not  defective,  but  suitable  for 
the  purposes  for  which  they  are  furnished,  and  he  is  not  called  upon 
to  seek  for  and  discover  hidden  defects;  but  if  the  defect  is  obvious 
and  apparent,  then  he  must  be  held  to  have  assumed  the  risk  of 
using  the  defective  tool  or  implement. 

Alamo  Oil  &  Refining  Co.  v.  Richards  (Texas  Civil  Appeals),  172  Southwestern,  159, 
p.  160,  January,  1915. 

DEFECTIVELY  EQUIPPED  CAGE. 

A  coal-mining  company  is  liable  on  the  ground  of  n^ligence  for 
the  death  of  a  miner  working  at  the  bottom  of  a  shaft  and  killed 
while  so  working  by  being  struck  on  the  head  by  a  lump  of  coal 
that  fell  down  the  shaft  after  being  knocked  from  the  bunting  of 
the  tipple  by  an  ascending  cage  in  the  compartment  of  the  shaft, 
where  the  evidence  tended  to  show  that  the  car  leaving  the  lump 
of  coal  on  the  bimting  was  overloaded  and  where  the  evidence  tended 
to  prove  that  the  operator  had  failed  to  furnish  9  properly  con- 
structed bonnet  or  other  appliance  for  the  protection  of  the  miner 
from  falling  coal,  and  had  in  that  respect  failed  to  exercise  reasonable 
care  in  furnishing  the  miner  a  reasonably  safe  working  place. 

Osage  Coal  &  Mining  Co.  v.  Miozrany  (Oklahoma),  143  Pacific,  185. 

DEFECTIVE   KICK   SWITCH. 

A  coal-mine  operator  in  Pennsylvania  is  liable  on  the  ground  of 
negligence  for  an  injury  to  a  driver  caused  by  a  collision  between  two 
trips  of  cars,  where  the  collision  was  the  result  of  a  defective  appli- 
ance known  as  a  kick  switch,  and  the  tracks  at  the  location  of  the 
switch  were  in  such  bad  repair  that  at  times  the  rails  broke  away 
from  the  ties  and  where  there  was  not  sufficient  space  between  the 
cars  and  the  ribs  or  walls  of  coal  for  the  driver  to  stand  in  safety, 
and  where  the  mine  foreman  and  the  operator's  superintendent 
both  had  knowledge  of  all  conditions  for  at  least  two  weeks  before 
the  accident,  although  the  mine  was  in  charge  of  a  certified  foreman. 

Watson  V.  Monongahela  River  Consolidated  Coal  &  Coke  Co.  (Pennsylvania),  93 
Atlantic,  625,  p.  627,  January,  1915. 
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DEFECnVE  CABLE. 

An  oil-driDmg  company  is  liable  on  the  ground  of  negligence  for 
using  an  old,  worn,  and  unsafe  ''bull  rope/'  and  by  reason  of  the  de- 
fective condition  of  such  rope  an  employee  was  injured,  where  it 
appears  that  he  had  no  knowledge  of  the  defective  condition  of  the 

rope. 

ProduceiB*  Oil  Co.  v.  Eaton  (Oklahoma),  143  Runfic,  9,  p.  10. 

SIMPLE   APPLIANCES — ^DEFECTS   IN  CONSTEUCTION. 

The  rule  that  where  a  tool  or  implement  is  so  simple  that  inspec- 
tion is  not  necessary  and  a  man  of  ordinary  intelligence  can  see  any 
existing  defects,  then  a  servant  or  miner  will  be  charged  with  an  as- 
somption  of  the  risk  arising  from  the  use  of  such  a  defective  imple- 
ment; but  the  rule  does  not  apply  where  the  defect  is  not  obvious, 
but  is  a  latent  or  concealed  defect;  but  the  exception  also  applies  to 
a  ladder  furnished  by  an  oil  operator,  where  the  injury  complained 
of  was  occasioned  by  the  giving  away  of  the  step  or  round  of  a  ladder 
because  the  nails  used  by  the  oil  company  in  constructing  the  ladder 
were  not  lai^e  enough  for  the  purpose  for  which  they  were  used,  and 
where  the  oil  company  knew  the  kind  of  nails  used  in  fastening  the 
steps  on  the  side  of  the  ladder,  and  was  accordingly  charged  with  the 
knowledge  that  the  nails  were  too  small,  such  defective  construction 
being  concealed  from  the  employee;  and  in  the  absence  of  observ- 
able defects  he  had  the  right  to  assume  that  his  employer  had  used 
nails  of  a  size  requisite  and  sufficient  to  secturely  fasten  the  steps  of 
the  ladder. 

Alamo  Oil  A  Refining  Co.  v,  RicliardB  (Texas  Civil  Appeals),  172  Southwestern, 
159,  p.  160,  January,  1915. 

SIMPLE   APPLIANCES — REMEDY   BT  MINERS. 

Generally  as  a  means  of  protection  to  his  miners  a  coal-mine  opera- 
tor must  exercise  reasonable  care  and  diUgence  to  keep  in  repair  and 
good  order  the  machines  and  appliances  used  by  his  miners,  and  keep 
himself  informed  as  to  their  condition  by  inspection,  but  a  mine  op- 
erator is  not  liable  for  an  injury  occasioned  by  a  defect  arising  out  of 
the  use  of  an  apphance  and  susceptible  of  simple,  easy,  adequate, 
and  timely  remedy  by  the  miners  themselves  in  the  absence  of  proof 
of  his  assumption  of  duty  to  inspect  for  such  defects  and  correct 
them. 

Martin  v.  Carter  Goal  Co.  (West  Viiginia),  84  Southeastern,  574,  p.  575,  February, 
1915. 
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INSPECTION   OF   SIMPLE   APPLIANCES. 

The  fact  that  a  coal  miner  charged  with  the  duty  of  coupling  or 
loading  coal  cars  and  seeing  an  iron  bar  or  pin,  an  inch  in  diameter 
and  approximately  7  inches  long,  bent  slightly  out  of  position,  can 
bend  it  back  to  its  place  by  a  blow  or  two  from  a  hammer,  pick,  or 
other  ordinary  implement  used  about  his  place  of  work  is  a  matter 
of  common  knowledge  of  which  courts  may  take  judicial  notice. 
The  remedy  in  such  case  was  so  simple  and  easy  that  presumptively 
and  naturally  it  would  fall  within  the  provmce  arid  duty  of  the  car- 
coupler,  and  provision  of  a  system  of  inspection  for  the  discovery  of 
such  defects  would  be  practically  useless,  and  the  law  does  not  im- 
pose it  in  the  absence  of  assumption  of  such  duty  by  the  mine  op- 
erator. 

Martin  v.  Carter  Coal  Co.  (West  Virginia),  84  Southeastern,  574,  p.  576,  Febmarv, 
1915. 

INSPECTION   OP   MOTOR    BY   MOTOBMAN — ^LIABILrTT   FOR    INJURY. 

A  mining  corporation  owes  to  its  employees  the  duty  to  inspect 
and  examine  appliances  used  by  them,  and  this  duty  is  nondelegable ; 
but  as  corporations  can  act  only  through  agents  they  may  by  general 
rules  impose  the  duty  of  inspection  upon  the  employees  using  the 
machine  or  other  appliance  to  the  extent  that  he  is  competent  to 
make  such  inspection,  and  the  circumstances  afforded  him  an  op- 
portunity of  doing  so ;  and  the  mine  operator  is  not  liable  for  injuries 
to  a  motorman  caused  by  defects  in  the  motor  where  a  rule  of  the 
mine  required  the  motorman  to  give  his  motor  daily  inspection,  and 
not  to  run  or  operate  the  same  unless  he  believes  it  to  be  in  an  en- 
tirely safe  condition  for  service. 

Pocahontas  Consolidated  Collieries  Co.  v.  Hairston,  83  Southeastern,  1041,  p.  1043 
(Virginia),  January,  1915. 

DUTY  TO  WABN  OB  INSTBXJCT. 
INJURY  TO   UNINSTRUCTED   MINOR   EMPLOYEE. 

A  mine  operator  is  liable  in  damages  for  injuries  to  a  minor  em- 
ployee, where  the  employee  was  engaged  to  perform  some  particular 
but  not  hazardous  services  about  a  coal  tipple,  and  to  carry  samples 
of  coal  mined  from  the  tipple  to  the  office  of  the  operator  for  inspec- 
tion and  tests,  and  where,  without  instructing  him  as  to  any  secret  or 
hidden  dangers  or  as  to  the  condition  of  the  track,  the  mine  superin- 
tendent directed  such  minor  employee  to  go  in  between  loaded  cars 
of  coal  to  assist  others  in  pushing  them  down  to  the  tipple,  and  where, 
in  doing  so,  and  without  any  knowledge  of  the  condition  of  the  track 
and  being  unable  to  see  because  of  the  presence  of  the  car  in  front  of 
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him,  he  caught  his  foot  in  a  switch  and  the  foot  was  ran  over  and 
crashed  by  Hie  car  immediately  following  the  one  being  pushed. 

Dillon  V.  United  States  Coal  A  Coke  Co.  (West  Viiginia),  84  Southeastern,  956,  p. 
%7,  April,  1915. 

DtJTT  TO  INSTRUCT  INFANT  EMFLOTEE. 

The  law  imposes  upon  a  mine  operator  the  duty  to  warn  and 
instruct  an  infant  employee  of  latent  dangers;  and  if  such  infant 
employee,  in  obeying  the  orders  of  a  general  superintendent,  engages 
in  services  other  than  those  r^ularly  assigned  to  and  performed  by 
him,  dangers  from  which  such  employee  does  not  comprehend  or 
appreciate  because  unknown  to  him,  but  of  which  the  employer  knows 
or  by  the  exercise  of  reasonable  diligence  ought  to  know,  and  fails  so 
U)  warn  and  instruct  the  youthful  employee,  the  mine  operator  is 
liable  for  resulting  injuries  to  such  infant  employee,  where  he  is  free 
from  negligence  directly  contributing  thereto. 

DiUon  V.  United  States  Coal  &  Coke  Co.  (West  Yiiginia),  84  Southeastern,  956, 
p.  958,  April,  1915. 

UABIUTY  FOB  NSaUaBNGB  OF  FBIXOW  fiSBVANT. 

WHO  ABE  FELLOW   SERVANTS. 

A  master  or  mine  operator  is  not  responsible  to  his  servant  or 
miner  for  the  negligence  of  a  fellow  workman  engaged  in  the  same 
common  employment;  and  in  determining  whether  an  employee 
through  whose  negligence  defects  in  the  machinery  have  failed  of 
discovery  or  repair  is  a  representative  of  the  master  or  operator  in 
the  discharge  of  his  duty  to  the  servant  or  miner,  or  is  a  fellow  servant 
of  the  latter  engaged  ill  a  common  employment,  it  is  only  necessary 
to  determine  whether  the  employee's  duty  to  inspect  or  repair  the 
apparatus  is  incidental  to  his  duty  to  use  the  apparatus  in  the  common 
employment;  and  if  so,  then  he  is  not  intrusted  with  the  employer's 
duty  to  his  fellow  servant,  and  the  employer  is  not  responsible  to  such 
fellow  servant  for  his  fault;  but  if  the  employer  has  cast  a  duty  of 
inspecticm  or  repair  upon  the  employee  who  is  engaged  in  using  the 
apparatus  in  a  common  emplojnnent  with  his  fellow  employees,  then 
such  employee  in  the  particular  duty  represents  the  employer,  and 
the  latter  is  chargeable  with  his  default. 

Martin  v.  Carter  Coal  Co.  (West  Viiginia),  84  Southeastern,  574,  p.  576,  February, 
1915. 

TEMFOBAET  DANGER — ^VIOLATION   OF  RULES. 

A  trammer  working  in  a  mine  can  not  recover  from  the  mine  oper- 
ator for  an  injury  caused  by  the  n^ligence  of  a  blockholer  in  rolling 
and  throwing  stones  and  materials  down  an  incline  in  a  stope,  as 
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such  injury  was  the  result  of  the  negligence  of  a  fellow  servant  in.  the 
same  general  employment  and  performing  a  duty  that  the  oper&tor 
had  a  right  to  delegate  to  another  employee,  as  ordinarily  a  mine 
operator  who  has  provided  a  safe  place,  proper  apphances,  and  com- 
petent employees  fully  instructed  as  to  their  duties  and  as  to  tlie 
proper  rules  and  regulations  for  the  safe  conduct  of  the  business 
which  are  made  known  to  them,  is  not  Uable  for  the  n^ligence  of  an 
employee  failing  to  notify  a  fellow  servant  of  a  transitory  or  temporary 
danger  caused  by  his  acts  which  will  for  the  moment  render  the 
environment  unsafe,  but  which  can  easily  be  avoided  by  due  warning, 
it  is  the  duty  to  give  under  rules  of  which  all  interested  employees 
have  knowledge. 

Juntunen  v.  Quincy  Mining  Co.  (Michigan),  151  Northwestern,  571,  March,  1915. 

OBETINO  DIRECTIONS   OF  FOREMAN. 

A  foreman  having  authority  to  direct  miners  and  the  work  in  a 
mine  is  a  vice  principal,  and  a  miner  who  follows  the  judgment  of 
such  vice  principal  is  not,  as  a  matter  of  law,  guilty  of  contributory 
negligeAce,  unless  the  situation  was  so  manifestly  dangerous  that*  a 
man  of  ordinary  prudence,  in  the  exercise  of  due  caution,  would  refuse 
to  obey. 

Lindquist  v.  Pacific  Coast  Coal  Co.  (Washington),  142  Pacific,  445,  p.  447. 

PROXIMATE    CAUSE. 

A  mine  operator  is  not  liable  for  an  injury  to  a  trammer  caused  by 
the  negligence  of  a  fellow  trammer  while  attempting  to  replace  a 
loaded  car  or  buggy  upon  the  track,  though  the  car  had  been  derailed 
because  of  the  defective  condition  of  the  track,*as  such  defective  con- 
dition of  the  track  was  not  the  proximate  cause  of  the  injury,  as  the 
jumping  of  the  car  from  the  track  in  itself  did  not  cause  the  injury, 
and  the  operation  of  putting  the  car  back  on  the  track  was  not  danger- 
ous if  properly  conducted,  and  was  an  operation  distinct  in  itself. 

Sabela  v.  Newport  Mining  Co.  (Michigan),  598,  p.  600,  March,  1915. 

MINE   OPERATOR   NOT   LIABLE. 

A  mine  o]>erator  is  not  liable  for  an  iajury  caused  by  the  negligence 
of  a  feUow  miner  imder  the  same  general  employment  where  the 
operator  has  provided  a  safe  place,  proper  appUances,  and  competent 
employees. 

Zap  V,  Nevrport  Mining  Co.  (Michigan),  151  Northwestern,  554,  March,  1915. 
Mesich  v.  Tamarack  Mining  Co.  (Michigan),  151  Northwestern,  564,  p.  565,  March, 
1915. 
Juntunen  v.  Quincy  Mining  Co.  (Michigan),  151  Northwestern,  571,  p.  572,  March, 

XVXD. 

Sabela  v.  Newport  Mining  Co.  (Michigan),  151  Northwestern,  598,  March,  1915. 
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NEOLIOENOE  OF  SHIFT  BOSS. 

A  trammer  in  the  employ  of  a  mining  company  can  not  recover  for 
injuries  where  he  was  engaged  in  taking  out  ore  just  blasted  for  the 
purpose  of  putting  up  timbers,  and  where  by  reason  of  the  place 
looking  dangerous  he  requested  the  shift  boss  to  make  an  inspection 
and  where  the  shift  boss  did  inspect  the  place  and  instruct  the  miner 
that  it  was  ready  and  to  resume  his  work,  and  where  the  minor  on 
resuming  work  was  shortly  afterward  injured  by  the  falling  of  a  quan- 
tity of  roof  and  ore,  on  the  ground  that  the  ne^igence  of  the  shift 
boss  was  the  neglig^ice  of  a  fellow  servant. 

Zap  V.  Newport  Mining  Oo.  (Michigan),  151  Northwestern,  654,  March,  1915. 
XDIEB'S  WOBXIKO  PLAGE— SAFE  PLAGE. 
SAFE-PLAGE  DOGTRINE — APPLIGATION. 

The  ''safe-place"  doctrine  does  not  apply  as  a  general  rule,  where 
the  perils  to  which  a  miner  is  subjected  are  all  his  own  creation,  and 
where,  as  a  result  of  the  miner's  work  the  character  of  the  place  is 
constantly  changing;  and  this  rule  applies  to  extracting  coal  by  a 
miner;  and  the  duty  of  inspection  may,  by  the  contract  of  hiring 
or  by  mutual  understanding  or  custom,  in  the  absence  of  a  statute, 
be  imposed  upon  the  miner;  and  imder  such  circumstances  it  is 
error  for  a  court  to  instruct  a  jury,  as  a  matter  of  law,  that  the  duty 
of  inspection  devolved  upon  the  operator. 

Eagle  Coal  Co.  v.  Patrick  (Kentucky),  170  Southwestern,  960,  p.  962,  December, 
1914. 

Music  V.  Northeast  Coal  Co.  (Kentucky),  170  Southwestern,  971,  p.  972,  December, 
1914. 

INSPECTION — PROOF  OP  CUSTOM. 

In  an  action  for  damages  by  a  miner  injured  while  working  in  a 
mine  at  a  place  known  as  a '  'glory  hole/'  and  where  it  was  the  duty  of 
the  injured  miner,  together  with  others,  to  remove  the  broken  rock 
and  earth  after  the  drillers  drilled  the  hole  and  fired  the  shot,  it  is 
proper  to  prove  a  rule  or  custom  to  the  effect  that  after  each  shot 
fired  inspection  is  made  of  the  walls  to  see  that  no  loose  rock  remains. 

Beateon  Copper  Co.  v.  Pedrin,  217  Fed.,  43. 

mineb's  duty  to  make  safe. 

The  mftlnTig  safe  of  a  miner's  working  place,  the  place  where  he 
is  extracting  coal,  involves  three  distinct  duties:  (1)  The  duty  of 
examining  the  roof  and  of  determining  when  protection  must  be 
pTOvided  against  possible  falling  of  the  roof  and  whether  ordinary 
props  will  be  sufficient  protection;  (2)  the  duty  of  placing  the  props 
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in  position  when  ordinary  props  are  deemed  sufficient  protection; 
(3)  the  duty  of  timbering  the  place  when  ordinary  props  have  been 
deemed  insufficient  protection. 

Eagle  Coal  Co.  v.  Patrick  (Kentucky),  170  Southweetem,  960,  p.  961,  December, 
1914. 

DUTY  TO   PROP  ROOF — CUSTOM   OP  MINE. 

Ordinarily  it  is  the  duty  of  the  mine  operator  to  furnish  the  neces- 
sary props  and  the  duty  of  the  miner  to  prop  his  own  room;  but 
where  a  room  has  been  practically  worked  out  and  is  used  as  a  road- 
way for  loaded  cars  to  reach  the  entry,  the  question  whether  it  is 
the  operator's  or  the  miner's  duty  to  prop  the  roof  over  the  roadway 
will  depend  on  the  custom  of  the  mine. 

Stringer  v.  York  (Kentucky),  170  Southwestern,  627,  November,  1914. 
miner's   FAILURE  TO   PROP — PROXIMATE  CAUSE. 

In  an  action  by  an  injured  miner  where  an  injury  complained  of 
was  not  the  proximate  result  of  an  original  defective  condition  of  the 
roof  of  an  entry,  or  if  the  miner  failed  to  do  additional  propping  as  the 
work  progressed,  then,  under  the  statute  of  Alabama,  he  can  not 
recover,  though  the  operator  was  negligent  in  failing  to  remedy  the 
original  defect,  if  the  miner's  failure  to  do  additional  propping  as  the 
work  progressed  contributed  with  the  original  defect  in  the  roof 
of  the  entry  in  producing  the  injury  complained  of. 

Lookout  Fuel  Co.  v.  Phillips  (Alabama),  66  Southern,  946,  p.  949,  November,  1914.        | 

MINER  MAY  PRESUME  PLACE  IS  SAFE. 

i 

When  a  mine  operator  directs  a  miner  to  work  in  a  particular 
place  or  room,  the  miner  may  assume  that  the  operator  has  performed 
his  duty  in  furnishing  him  a  reasonably  safe  place  in  which  to  work 
and  he  can  proceed  with  his  work  relying  upon  this  presumption;  and 
it  is  not  the  duty  of  the  servant  under  such  circumstances  to  dis- 
cover defects,  and  unless  he  knows  of  their  existence,  or  they  are 
patent  and  obvious  to  a  person  of  his  experience  and  understanding, 
he  is  not  precluded  from  recovering  for  injmies  sustained  while 
working  at  the  direction  of  the  opertaor. 

Interstate  Coal  Co.  v,  Garrard  (Kentucky),  173  Southweetem,  767,  p.  760,  March, 
1915. 

DEGREE   OF  CARE   REQUIRED  OF  MINERS. 

Where  miners  are  employed  in  drifting  and  working  into  new  for- 
mations, the  degree  of  care  which  they  wiU  be  called  upon  to  exercise 
for  their  own  protection  to  avoid  injury  from  a  cave  or  from  falling 
rock  will  be  very  much  greater  than  the  degree  of  care  imposed 
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upon  them  in  using  the  older  workings  which  are  or  should  be  in  a 
thoroughly  protected  condition,  but  which  they  have  the  right  to 
assume  are  in  such  condition. 

Cnbbe  v.  Mammoth  Ohamiel  Gold  Mining  Co.  (California),  143  Pacific,  714,  p.  715. 

MINEB   NOT  REQUIRED  TO   INSPECT. 

A  miner  working  in  a  chamber  of  a  mine  10  feet  high,  lighted  only 
by  the  light  used  by  him  in  mining  is  not  required  to  inspect  the 
roof  of  his  chamber  or  station,  but  imder  such  circumstances  he  is 
charged  with  the  duty  of  exercising  only  such  an  amotmt  of  care  as 
the  law  presumes  that  every  person  will  employ  for  his  own  interest 
and  preservation,  and  the  quantity  of  that  care  will  depend  upon  and 
vary  with  the  degree  of  hazard  of  the  particular  occupation. 

Ciabbe  V.  Mammoth  Channel  Gold  Mining  Co.  (California),  143  Pacific,  714,  p.  715. 

MINBB  OBBYINO  INSTBXJCTIONS. 
MINER    ACTING    UNDER    ORDERS    OF    OPERATOR — ^DANGEROUS     PLACE. 

A  servant  or  miner  is  not  called  upon  to  set  up  his  own  unaided 
judgment  against  that  of  his  superiors,  and  he  may  rely  upon  their 
advice,  and  still  more  upon  their  orders,  and  if  a  master  or  mine 
operator  orders  a  servant  or  miner  to  do  some  act  which  is  dangerous, 
but  which  could  be  made  less  dangerous  by  the  use  of  special  care 
on  the  part  of  the  master  or  operator,  the  servant  or  miner  has  a 
right  to  assume  that  such  special  care  would  be  taken,  and  does  not 
take  the  greater  risk  upon  himself,  as  in  such  case  the  servant's 
dependent  and  inferior  position  is  to  be  considered,  and  if  the  master 
or  operator  gives  him  positive  orders  to  go  on  with  the  work,  under 
perilous  circumstances,  the  servant  or  miner  may  recover  for  the 
injury  thus  incurred,  if  the  work  was  not  obviously  so  dangerous 
that  any  man  of  ordinary  prudence  would  have  obeyed. 

Borderland  Coal  Co.  v.  Small  (Kentucky),  170  Southwestern,  8,  p.  10,  November, 
1914. 

ASSURANCE  OF  SAFETY — EFFECT  OF  CONTRIBUTORY  NEGLIGENCE  AND 

ASSUMPTION  OF  RISK. 

» 

Where  a  miner's  working  place  in  a  mine  is  being  constantly  changed 
as  the  work  progresses  a  miner  will  be  held  to  have  assumed  the 
risks  incident  to  his  labors,  but  an  exception  exists  to  this  rule  in 
that  it  may  happen  in  the  prosecution  of  the  work  of  mining  that  the 
safety  of  the  place  will  become  an  object  of  inquiry  calling  for  an 
expression  of  judgment,  and  under  such  circumstances  a  miner  who 
follows  the  assurance  and  judgment  of  the  mine  operator  or  his  fore- 

97233"— Bull.  101—15 7 
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man  will  not  be  charged  with  an  assumption  of  risk  or  held  to  be 
guilty  of  contributory  negligence  as  a  matter  of  law^  as  the  assurance 
is  that  it  is  safe  to  remain  in  the  questioned  situation  long  enough 
to  accomplish  the  thing  to  be  done,  such  as  removing  coal  from  the 
particular  working  place. 

Lindquist  v.  Pacific  Coast  Coal  Co.  (Waahington),  142  Pacific,  445,  p.  447. 
CONTRIBUTORY  NEGLIGENCE — QUESTION  OF  FACT. 

An  action  by  an  injured  miner  against  an  operator  for  damages  for 
injuries  caused  by  a  fall  of  rock  from  the  roof  is  not  to  be  defeated 
on  the  ground  of  contributory  negligence  as  a  matter  of  law,  where 
the  miner,  after  discovering  the  dangerous  condition  of  the  roof ,  sent 
for  the  superintendent  of  the  mine  and  called  attention  to  the  over- 
hanging rock  and  suggested  to  the  superintendent  that  it  would  be 
safer  to  drive  the  entry  by  pick  mining  and  not  by  machinery,  with 
its  resulting  noise  and  vibration,  and  where  the  superintendent 
soxmded  the  roof  with  a  pick  for  the  purpose  of  ascertaining  whether 
the  rock,  a  part  of  which  was  in  plain  view,  was  likely  to  fall,  and 
who,  after  thus  testing  it  for  the  purpose  of  satisfying  himself  of  its 
safety,  instructed  the  miner  to  use  the  machine  and  proceed  with  his 
work,  and  where  after  proceeding  to  cut  the  coal  by  the  machine 
process  and  had  only  driven  the  entry  a  short  distance  when  the  rock 
f eU  and  in/ured  him,  as  the  question  of  contributory  negligence  under 
such  circumstances  is  one  of  fact  to  be  determined  by  the  jury. 

Moleskey  v.  South  Fork  Coal  Mining  Co.  (Pennsylvania),  93  Atlantic,  485,  p.  486, 
January,  1915. 

RISKS    NOT    ASSUMED — ^MINEB    WORKING    UNDER    DIRECTION    OF 

OPERATOR. 

The  rule  is  that  when  a  place  in  which  a  miner  is  engaged  in  work- 
ing is  not  such  as  imposes  upon  the  mine  operator  the  full  duty  of 
providing  a  safe  place,  but  is  somewhat  hazardous  or  dangerous, 
although  not  obviously  so,  or  the  danger  of  continuing  is  not  so 
apparent  that  a  person  of  ordinary  intelligence  would  not  imdertako 
it,  and  the  miner  is  assured,  in  substance  or  in  effect,  by  the*  operator 
or  his  foreman  who  is  present  that  it  is  reasonably  safe  or  that  there 
is  no  danger,  and  he  is  directed  by  the  operator  or  foreman  to  con- 
tinue the  work,  the  miner  may  recover  for  injuries  received  while 
proceeding  with  the  work,  although  the  risk  or  hazard  in  prosecuting 
the  work  is  as  well  known  to  the  servant  as  to  the  operator  or  fore- 
man. The  reason  of  this  rule  is  that  when  the  mine  operator  is 
present  the  doctrine  of  equal  knowledge  and  assumed  risk,  invoked 
to  reUeve  the  mine  operator,  should  be  sparingly  apphed,  and  in  such 
case  the  miner's  dependent  and  inferior  position  is  to  be  taken  into 
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ooDsideration,  as  it  is  not  his  duty  to  sit  in  judgmont  upon  the  pro- 
priety of  the  direction  or  to  enter  into  a  discussion  with  the  operator 
as  to  the  facts  upon  which  his  judgment  is  based,  but  he  may  pre- 
sume that  improper  orders  would  not  be  given  and  assume  that  the 
operator  or  foreman  would  not  direct  him  to  take  risks  that  were 
improper.  The  limitation  on  this  rule  is  to  the  effect  that  the  miner 
can  not  recover  where  the  risk  was  such  that  a  person  of  ordinary 
prudence,  situated  as  the  minor  was,  would  not  have  undertaken  it. 

Northeast  Co«l  Co.  v.  White  Oak  Coal  Co.  (Kentucky),  174  Southwestern,  732,  p. 
733,  March,  1915. 

OBEYING   INSTEUCTIONS   OF   SUPERIOR. 

A  miner  is  not  called  upon  to  set  up  his  own  unaided  judgment 
against  that  of  the  superintendent  of  a  mine,  and  he  may  rely  upon 
the  advice  and  skill  and  foUow  the  orders  of  the  superintendent, 
notwithstanding  any  misgivings  of  his  own,  as  under  such  circxun- 
stances  the  jminer's  dependent  and  inferior  position  is  to  be  taken 
into  consideration;  and  in  such  case,  if  the  superintendent  gives  hJTn 
positive  orders  to  go  on  with  the  work  under  perilous  conditions 
and  circumstances,  the  miner  may  recover  for  an  injury  thus  incurred 
if  the  work  was  not  inevitably  and  imminently  dangerous;  and  the 
question  as  to  whether  the  work  was  inevitably  and  imminently 
dangerous  may  be  a  question  of  fact. 

Moleekey  i7.  South  Fork  Coal  Mining  Co.  (Pennsylvania),  93  Atlantic,  485,  p.  486, 
January,  1915. 

DIRECTING   WORK   IN   DANGEROUS   PLACE. 

The  rule  that  a  mine  operator  is  not  required  to  furnish  a  safe 
place  where  the  miner  himself  is  engaged  in  making  the  place  does 
not  apply  where  the  operator  by  its  foreman  directed  a  young  and 
inexperienced  miner  to  go  into  a  room  where  he  had  not  been  work- 
ing to  cut  down  the  coal  with  a  mining  machine  run  by  electricity, 
and  where  the  miner  was  injured  by  a  fall  of  slate  while  operating 
the  machine  cutting  the  coal,  and  where  the  operator  knew  that  the 
place  was  not  safe. 

Interstate  Coal  Co.  v.  Garrard  (Kentucky),  173  Southwestern,  767,  p.  768,  March, 
1915. 

KINER  MAY  RELY  ON  JUDGMENT  OF  SUPERIOR. 

The  rule  that  a  mine  operator  is  required  to  furnish  a  miner  a 
safe  working  place  does  not  apply  where  the  miner  himself  is  engaged 
in  making  the  place;  and  the  rule  may  apply  to  the  work  of  mining 
out  or  exhausting  pillars  in  a  mine  which  is  from  its  very  nature 
more  or  less  hazardous ;  but  the  rule  does  not  apply  where  miners, 
haying  removed  the  greater  part  of  the  coal  from  a  pillar  and  having 
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left  only  one  or  two  small  pillars  as  natural  supports,  which  the 
miners  intended  to  leave  as  supports,  and  on  reporting  such  fact  to 
the  foreman,  were  assured  that  it  was  safe  to  remove  the  pillars  and 
stumps  and  were  thereupon  directed  by  him  to  do  so,  as  the  miners 
had  the  right  to  rely  upon  the  assurance  of  the  foreman  if  the  danger 
was  not  so  obvious  and  imminent  that  no  reasonably  prudent  man 
would  undertake  it  even  under  the  positive  orders  of  the  foreman  or 
operator. 

Northeast  Cool  Co.  v.  \Miite  Oak  Coal  Co.  (Kentucky),  174  Southweetem,  732, 
March,  1915. 

ASSURANCES   OF   SAFETY. 

In  directing  an  inexperienced  miner  to  operate  a  machine  for  cut- 
ting coal  in  a  room  or  entry  where  he  had  not  been  working,  it  is 
not  necessary  that  the  operator  should  use  words  which  in  terms 
expressly  or  directly  assured  the  miner  that  the  place  where  he  was 
directed  to  work  is  a  reasonably  safe  place;  but  it  is  sufficient  if  the 
acts  of  the  operator  under  all  the  circumstances  amoimt*  to  an  assur- 
ance that  the  place  where  he  directs  the  miner  to  work  is  a  reasonably 
safe  place. 

Interstate  Coal  Co.  v.  Garrard  (Kentucky),  173  Southwestern,  767,  p.  768,  March, 
1915. 

CONTBEBirrOBY  NBaLiaSNCE   OF  MIMEB. 
CONTRIBUTORY   NEGLIGENCE — ^ASSUMPTION   OF  BISK. 

Neither  the  defense  of  contributory  n^ligence  nor  the  defense  of 
assumption  of  risk  can  arise  unless  the  defendant  in  the  action — a 
mine  operator — ^has  been  guilty  of  negligence  which,  but  for  want  of 
both  of  these  defenses,  would  render  the  operator  liable  for  damages 
to  an  injured  miner,  as  in  the  absence  of  such  negligence  there  is 
nothing  against  which  to  niake  such  a  defense;  but  if  there  is  evi- 
dence from  which  a  jury  may  find  the  operator  guilty  of  such  negli- 
gence, then  either  of  these  defenses,  if  it  exists  in  fact,  is  available  to 
the  defendant  operator  in  order  to  defeat  a  recovery. 

Osage  Coal  &  Mining  Co.  v,  Sperra  (Oklahoma),  142  Pacific,  1040,  p.  1043. 

CLIMBING   ON   MOVING   CAR. 

A  mine  foreman  or  tipple  boss  who  had  been  in  charge  of  the 
tipple  and  the  work  connected  therewith  continuously  for  a  year  and 
a  half,  and  whose  duty  it  was  to  inspect  its  conditions  and  report 
defects,  and  who  was  also  intrusted  with  the  duty  of  supervising  and 
directing  the  moving  and  loading  of  coal  cars  at  the  tipple,  and  of 
directing  the  other  employees  of  the  mine  operator  working  at  the 
tipple,  is  guilty  of  such  contributory  negligence  as  will  prevent  a 
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recovery  for  hb  death  caused  while  attempting  to  climb  on  a  moving 
car  and  in  doing  so  placed  one  foot  in  the  stimip  at  the  front  and 
comer  of  the  car  and  the  other  on  the  car  beam,  and  while  in  this 
position  the  car  in  passing  under  the  tipple  caused  his  body  to  come 
in  contact  with  a  tipple  post  or  brace  and  be  caught  between  it  and 
the  moving  car,  which  crushed  and  killed  him. 

Louiea  Coal  Co.  v.  Hammond  (Kentucky),  169  Southwestern,  709,  p.  711,  October, 
1914. 

MINEB   REMOVING   PROPS. 

Where  the  roof  over  a  roadway  was  securely  propped  by  the  mine 
operator  and  the  miner  in  removing  the  tracks  knocked  the  props 
down,  he  can  not  recover  for  a  subsequent  injury  caused  by  the 
falling  of  the  roof  of  the  roadway  on  the  ground  that  it  was  not 
securely  propped. 

Stringer  v.  York  (Kentucky),  170  Southwestern,  527,  p.  528,  November,  1914. 

TRACK  MAN   OPERATING  MOTOR. 

There  can  be  no  recovery  for  the  death  of  a  track  man  employed 
in  a  mine  where  he  voluntarily  took  charge  of  the  motor  hauling 
loaded  cars  out  of  the  mine  and  where  he  operated  the  motor  with  the 
troUey  in  front,  and  while  being  thus  operated  the  trolley  jumped 
from  the  wire  and  struck  against  the  roof  of  the  mine  and  the  driver 
was  either  hit  by  the  pole  or  in  getting  out  of  the  way  of  the  pole  was 
caught  between  the  motor  and  the  timbers,  and  where  it  appeared 
that  his  use  of  the  motor  was  in  violation  of  a  rule  of  the  mine. 

North  JeUico  Coal  Co.  v.  Disney  (Kentucky),  171  Southwestern,  192,  December, 
1914. 

STOPPING  IN   FRONT  OF  MOVING  CAR. 

A  miner  working  in  a  mine,  who  without  looking  stopped  in  front 
of  a  moving  car  and  was  struck  and  injured  thereby,  is  guilty  of  such 
contributory  negligence  as  will  prevent  a  recovery  for  such  injury. 

Kanzier  v..  Monongahela  Biver  Consolidated  Coal  &  Coke  Co.  (Pennsylvania),  93 
Atlantic,  501,  p.  502,  January,  1915. 

RmiNO  ON   CAR   IN  VIOLATION  OF  RULE. 

In  an  action  by  a  licensee  for  an  injury  while  riding  on  a  tramcar  in 
a  miney  where  tiie  complaint  averred  that  the  plaintiff  was,  when 
injured,  in  a  place  where  he  had  a  lawful  right  to  be,  imposes  upon 
the  plaintiff  the  unnecessary  burden  of  vindicating  his  right  to  be  on 
the  tramcar  at  the  time  he  was  injured,  and  the  defendant,  the  mine 
operator,  may,  imder  the  general  issue  prove  the  existence  of  a  rule 
prohibiting  employees  riding  on  the  cars. 

Woodward  Iron  Co.  v.  Finley  (Alabama),  66  Southern,  587,  p.  588,  November,  1914. 
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VOLUNTARY    EXPOSURE    TO    DANGER — ^PROXIMATE    CAUSE    OP    INJURY. 

A  miner  working  in  a  coal  mine  is  boimd  to  take  notice  that  it  is  a 
dangerous  occupation  and  it  is  his  duty  to  use  ordinary  care  and 
prudence  to  observe  the  rules  and  customs  of  the  TninJTig  company 
employing  him,  not  in  violation  of  law,  to  prevent  an  accident  or 
injury;  and  where  a  miner  is  informed  or  has  notice  of  danger  which 
threatens  injury  to  himself,  or  where  he  volimtarily  puts  himself  in  a 
dangerous  place,  or  where,  by  ordinary  observation  and  care,  he  could 
avoid  such  danger  by  reasonable  exertion,  and  fails  to  do  so,  he  is 
guilty  of  contributory  negligence.  The  term  "contributory  negli- 
gence," as  here  used,  must  be  such  negligence  on  the  part  of  the 
miner  as  helped  to  produce  the  injury  complained  of,  and  in  order 
for  such  contributory  negtigence  to  be  suflHicient  to  prevent  the  miner 
from  recovering  it  must  have  been  the  proximate  cause  of  his  injury. 

Rock  Island  Coal  Miniiig  Co.  v.  Davis  (Oklahoma),  144  Pacific,  000,  p.  006,  Decem- 
ber, 1914. 

MINER  PLACING  HIMSELF  IN  DANGEROUS   POSITION. 

A  mine  operator  is  not  liable  for  injuries  to  an  engineer  employed 
to  operate  the  engine  used  for  hoisting  ores  from  its  mine,  where, 
while  he  was  cleaning  the  engine,  he  was  injured  by  steam  escaping 
from  the  boilers  into  the  cylinders  and  starting  the  engine  suddenly, 
where  it  appears  that  the  engineer  was  thoroughly  experienced  in 
handling  the  engine,  knew  its  condition  and  that  its  throttle  valve 
had  leaked  steam  into  its  cylinders  for  years,  and  that  the  defect 
was  getting  worse,  and  where  he  knew  from  constant  observation 
and  practical  experience  that  the  engine  was  Hable  to  start  any 
moment  even  with  the  throttle  valve  closed  and  the  cylinder  cocks 
open,  and  where  in  discharging  his  duties  in  respect  to  cleaning  the 
engine  between  car  trips  it  was  wholly  unnecessary  for  him  to  be  in 
the  position  in  which  he  was  and  where  he  placed  himself  and  the 
parts  of  his  body  in  such  dangerous  position  thoughtlessly  and  in 
utter  disregard  of  the  obvious  and  imminent  danger. 

Slofls-Sheffield  Steel  &  Iron  Co.  v.  Reid  (Alabama),  68  Southern,  136,  p.  137,  Feb- 
ruary, 1915. 

SETTING   CAR   IN  DANGEROUS   PLACE. 

A  miner  creates  his  own  dangerous  working  place  and  is  guilty  of 
such  contributory  negligence  as  will  prevent  a  recovery  where  while 
laying  a  track  in  a  room  neck  he  pushed  a  car  back  a  short  distance 
in  the  neck,  and  where  the  injury  complained  of  was  caused  by  the  car 
being  struck  and  moved  down  upon  him  by  a  trip  of  cars  over  the 
main  track,  and  where  it  also  appeared  that  the  injlired  miner  knew 
that  the  driver  would  be  along  soon,  and  where  the  driver  had  no 
notice  that  such  car  in  the  neck  was  not  in  the  clear. 

Jellico  Coal  Mining  Co.  v.  Gothard  (Kentucky),  170  Southwestern,  649,  November, 


DECISION^  ON   MINES  AND  MINING.  8d 

VIOLATION   OF  RULES. 

A  coal  operator  may  prescribe  and  promulgate  reasonable  rules 
for  the  performance  of  the  respective  duties  of  the  miners,  and  where 
such  rules  have  been  properly  established  the  operator  is  entitled  to 
a  compliance  therewith  by  the  miners;  but  if  the  miner  elects  to 
perform  his  duty  by  a  method  known  to  him  to  be  dangerous,  and  in 
violation  of  the  established  rules,  the  operator  will  not  be  liable  for 
an  injury  to  the  miner,  whether  the  danger  is  obvious  or  not,  and 
the  contributory  negligence  of  the  miner  in  the  violation  of  the  rule 
may  preclude  his  recovery,  but  to  do  so  the  violation  of  the  rule  must 
contribute  to  and  cause  the  injury  complained  of. 

San  Bois  Coal  Co.  v,  Reeetz  (Oklahoma),  143  Pacific,  46,  p.  50. 

VIOLATION  OF  RULE — ^PBOXIMATE  CAUSE. 

The  violation  of  a  rule  by  a  miner  working  in  a  mine  will  not  defeat 
a  recovery  in  an  action  for  his  death  on  the  ground  of  the  alleged  negli- 
gence of  the  coal  mine  operator,  unless  it  is  made  to  appear  that  such 
violation  of  the  rule  was  the  proximate  cause  of  the  death  of  the 
miner. 

San  Bois  Coal  Co.  v.  Reeetz  (Oklahoma),  143  Pacific,  46,  p.  50. 

* 

QUESTION  OP  PACT  AS   TO   EXISTENCE  OP  RULE. 

It  is  a  question  of  fact  for  a  jury  as  to  whether  or  not  a  miner  was 
guilty  of  contributory  negligence  in  going  down  into  a  mine  in  a  car, 
upon  the  occasion  when  he  lost  his  life,  in  violation  of  a  rule  of  the 
mine  operator  prohibiting  miners  from  doing  so,  where  the  evidence 
is  conflicting  as  to  whether  or  not  such  a  rule  existed  and  whether  or 
not  it  applied  to  persons  or  miners  going  down  in  cars  with  timbers 
to  scotch  when  the  cable  was  being  changed. 

Southern  Iron  &  Steel  Co.  v.  Boston  (Alabama),  66  Southern,  684,  p.  686,  November, 
1914. 

CONTBIBUTORY   NEGLIGENCE   A   QUESTION  OP  PACT. 

The  statute  of  Michigan  provides  that  no  male  under  the  age  of  18 
years  shall  be  employed  in  any  employment  which  may  be  considered 
dangerous  to  life  and  limb;  and  in  an  action  for  the  death  of  a  drill 
boy  tmder  16  years  of  age  employed  in  a  mine,  the  court  can  not  say 
as  a  matter  of  law  that  the  deceased  was  guilty  of  contributory  negli- 
gence, or  that  his  parents,  the  beneficiaries,  were  guilty  of  contribu- 
tory n^ligence,  where  they  had  no  knowledge  of  the  nature  or  the 
dangerous  character  of  the  work,  but  the  question  of  contributory 
negligence  under  such  circumstances  is  a  question  of  fact  to  be  deter- 
mined by  the  jury. 

Pttkvan  V.  Allouez  Mining  Co.  (Michigan),  152  Northweetem,  82,  p.  84,  April,  1915. 
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Where  a  trapper  in  charge  of  a  trapdoor  in  a  haulageway  of  a  nune, 
whose  duty  it  was  to  open  the  trapdoor  for  the  motor  and  cars,  was 
run  over  and  kiDed  by  the  motor,  there  is  no  presumption  of  negli- 
gence on  the  part  of  the  decedent,  nor  is  there  any  presumption  of 
negligence  on  the  part  of  the  motorman;  but  the  negligence  of  either, 
or  both,  must  be  established  by  the  evidence  or  by  circumstances 
from  which  such  negUgence  could  properly  be  mferred  and  such 
questions  are  always  properly  left  to  the  jury  to  determine. 

Linard  v.  Interstate  Coal  Co.  (Kentucky),  169  Southwestern,  1006,  p.  1008,  October^ 
1914. 

ADMISSIONS   OF   NEGLIGENCE — ^EFFECT. 

A  miner  is  not  necessarily  and  conclusively  bound  by  statements 
made  by  him  immediately  after  receiving  an  injiuy  in  a  coal  mine  to 
the  effect  that  the  injury  was  his  own  fault  and  it  was  a  foolish  thing 
for  him  to  go  to  cutting  through  the  vein  with  the  coal  in  the  situa- 
tion it  was,  and  that  he  had  not  struck  but  two  or  three  blows  until  it 
all  fell  and  broke  his  leg,  as  such  admissions  are  not  admissions  of  a 
fact  but  of  a  conclusion  of  law;  but  the  question  as  to  whether  he 
was  entitled  to  recover  is  not  whether  there  was  some  risk  or  danger 
attending  the  transaction  of  his  work,  but  whether  it  was  so  apparent 
and  imminent  that  no  reasonable  man  would  have  xmdertaken  it, 
and  his  statements  made  do  not  go  to  that  extent,  and  especially 
where  the  fall  of  the  coal  was  due  to  the  fact  that  the  mine  operator 
had  not  furnished  the  miner  props  as  required  by  the  statute;  and 
the  statements  made  did  not  support  a  conclusive  inference  that  the 
danger  was  so  great  that  no  reasonable  man  would  have  encountered 
it. 

Kunyan  v.  Marceline  Coal  &  Mining  Co.  (Missouri  Appeals),  172  Southwestern, 
1166,  p.  1167. 

PLEADING     CONTKIBUTORY     NEGLIGENCE — ^SUFFICIENCY    OF    ANSWER. 

In  an  action  by  an  injured  miner  for  damages  on  the  groxmd  of  the 
alleged  negligence  of  the  mine  operator  in  that  the  operator  failed  to 
furnish  the  miner  a  safe  place  in  which  to  work,  an  answer  to  the 
complaint  is  suf&cient  where  it  avers  that  the  plaintiff  himself  was 
guilty  of  negligence  which  proximately  contributed  to  the  injuries 
complained  of,  in  that  the  plaintiff  while  knowing  that  a  rock  in  the 
room  in  which  he  was  working  in  the  mine  was  loose  and  liable  to 
fall,  and  that  if  it  should  fall  while  he  was  under  or  near  the  same  he 
was  likely  to  be  injured,  and  he  negligently  worked  under  or  danger- 
ously near  such  rock  and  as  a  proximate  consequence  thereof  the 
rock  fell  upon  him  causing  the  injuries  for  which  he  sues. 

Alabama  Fuel  <&  Iron  Co.  v.  Benenante  (Alabama),  66  Southern,  942,  p.  943,  Novem- 
ber, 1914. 
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FLEADINO   OONTBIBUTOBT  NEQLIOENGE — ^PROXIMATE  CAUSE. 

In  an  action  by  a  miner  for  damages  for  injuries  caused  -by  the 
alleged  negligence  of  the  mine  operator  in  f ailieg  to  furnish  the  miner 
a  safe  working  place,  an  answer  which  avers  that  the  miner  was  in- 
formed of  the  dangerous  condition  of  the  rock  and  the  roof  of  the 
room  at  the  place  at  which  the  injury  occurred  and  knowing  that  the 
same  was  liable  to  fall  at  any  moment  and  likely  to  injure  him,  yet  he 
negligently  placed  himself  imder  the  same  and  was  injured,  is  insuffi- 
cient in  that  it  fails  to  aver  that  the  negligence  on  the  part  of  the 
miner  proximately  contributed  to  his  injury. 

Alabama  Fuel  &  Iron  Co.  v,  Benenante  (Alabama),  66  Southern,  942,  p.  943,  Novem- 
her,  1914. 

WANT  OP   KNOWLEDGE   OF  DANGER. 

Defects  in  the  roof  of  a  mine  which  might  be  apparent  to  the  eye 
of  a  competent  inspector  might  not  have  any  significance  to  a  laborer 
or  employee  who  has  had  no  experience  in  this  special  employment; 
and  under  ^uch  circumstances  it  would  be  unreasonable  to  charge 
a  miner  with  contributory  negligence  merely  because  he  sees  defects, 
unless  a  reasonably  prudent  man  would  xmder  Uke  circumstances, 
have*  known  or  comprehended  the  risk  which  these  defects  indicate. 
The  rule  is  that  the  dangers  and  not  the  defects  alone  must  be  so 
obvious  that  a  reasonably  prudent  person  would  have  avoided  them, 
in  order  to  charge  the  miner  with  contributory  negligence. 

Interatate  Coal  Co.  v.  Garrard  (Kentucky),  173  Southwestern,  767,  p.  769,  March, 
1915. 

FBSBDOM  FROM  CONTBEBTTTOBY  NEauaBNGB. 
OONTRIBrrOBT  KEOLIOENCE   AT  OTHEB  TIMES. 

In  an  action  for  damages  for  the  death  of  a  miner  by  the  alleged 
negligence  of  a  mine  operator,  it  is  no  defense  to  show  that  the 
deceased  miner  was  guilty  of  negligence  and  was  habitually  negligent 
at  times  other  than  that  at  which  he  lost  his  life;  and  it  was  no  de- 
fense where  there  was  an  entire  absence  of  proof  of  contributory 
negligence  at  the  particular  time  at  which  the  miner  lost  his  life, 
as  evidence  of  habitual  negligence  as  to  past  occurrences  is  inadmis- 
sible to  prove  contributory  negligence  on  the  particular  occasion 
under  inquiry. 

Great  Western  Coal  it  Coke  Co.  v,  McMahan  (Oklahoma),  143  Pacific,  23,  p.  24. 
Great  Western  Coal  &  Coke  Co.  v.  Cunningham  (Oklahoma),  143  Pacific,  26. 
Great  Western  Coal  &  Coke  Co.  v,  Coffman  (Oklahoma),  143  Pacific,  30. 
Great  Western  Coal  &  Coke  Co.  v.  Boyd  (Oklahoma),  143  Pacific,  36. 
Great  Weetem  Coal  &  Coke  Co.  v.  Belcher  (Oklahoma),  143  Pacific,  36. 
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WANT  OF  KNOWLEDGE  OF  DANOEB  OF  DEFECTIVE  ROOF. 

A  father  in  an  action  for  the  death  of  a  son,  working  with  him  in  a 
mine,  is  not  to  be  charged  with  such  contributory  n^iligence  as  will 
prevent  him  from  recovering,  where  it  does  not  appear  that  either 
the  father,  or  the  son,  who  were  working  together,  knew  the  actual 
condition  of  the  roof  and  of  the  rock  that  fell,  causing  the  death  of 
the  son. 

Rocky  Moimtain  Fuel  Co.  v.  Eobaics  (Colorado),  144  Pacific,  863,  p.  866,  December, 
1914. 

MINER   ACTING  UNDER  SUDDEN   FRIGHT. 

A  miner  is  not,  as  a  matter  of  law,  to  be  charged  with  contributory 
i^^ghg^i^ce  where  it  appears  that  he  was  suddenly  frightened  by  tho 
presence  of  a  mule  drawing  a  car  in  a  haulage  way  and  in  order  to 
escape  injury  by  the  mule  and  the  car  stepped  on  the  side  of  the 
track  on  which  there  was  the  least  room  for  the  car  to  pass  and  in  so 
doing  came  in  contact  with  an  uninsulated  electric  wire,  as  the  con- 
dition of  the  wire  under  the  circumstances  must  be  regarded  as  the 
proximate  cause  of  the  injury. 

« 

Hazzard  v.  Conaolidated  Coal  Co.  (Michigan),  149  Northwestern,  991,  p.  d92, 
December,  1914.  # 

ACTING  UNDER  SUDDEN  IMPULSE — FBOXIMATE  CAUSE  OP  INJUBY. 

An  employee  assisting  in  drilling  an  oil  well  is  not,  as  a  matter  of 
law,  to  be  charged  with  contributory  negligence  in  suddenly  applying 
the  brake  on  the  bull  wheel  in  order  to  stop  the  descending  sucker 
rods  with  such  force  and  suddenness  as  to  break  the  bull  rope,  where 
he  was  directed  by  the  operator  of  the  machinery  to  apply  the  brake 
and  where  there  was  a  necessity  for  quick  action,  and  where  the  in- 
jury was  caused  by  the  breaking  of  the  bull  rope,  due  to  its  old, 
worn,  and  defective  condition,  and  of  which  defective  condition 
the  employee  had  no  knowledge,  as  in  such  case  the  defective 
condition  of  the  rope,  and  not  the  application  of  the  brake  to  the 
machinery,  was  the  proximate  cause  of  the  injury. 

Producers'  Oil  Co.  v.  Eaton  (Oklahoma),  143  Pacific,  9,  p.  10. 

BISKS  ASSX7HED. 
KNOWLEDGE   OF  DANGERS. 

A  coal-mine  operator  is  not  absolutely  and  unqualifiedly  bound  to 
fmrdsh,  and  is  not  absolutely  and  unqualifiedly  liable  for  failure  to 
furnish,  a  miner  a  reasonably  safe  place  in  which  to  work  and  reason- 
ably safe  tools  and  appliances  with  which  to  work;  but  the  operator  s 
duty  to  do  so  is  subject  to  the  qualification  that  the  miner  assimics 
the  usual,  ordinary,  and  known  risks  arising  from  the  operator's  fail- 
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nre  to  do  SO,  and  the  risks  thus  assumed  by  the  miner  may  have 
resulted  from  what  would  otherwise  have  been  actionable  negligence 
on  the  part  of  the  operator. 

Oage  Coal  dc  Miniiig  Co.  v.  Sperra  (Oklahoma),  142  Pacific,  1040,  p.  1043. 

QUESTION  OF  FACT. 

Under  the  constitution  of  Oklahoma  the  defense  of  contributory 
negligence  or  assumption  of  risk  shall  in  all  cases  be  a  question  of  fact 
and  shall  in  all  cases  be  left  to  the  jury  for  determination. 

Oaage  Coal  A  Miniog  Co.  v.  Spena  (Oklahoma),  142  Pacific,  1040,  p.  1043. 

DANOEB  FROM  FAIXINO  ROCK. 

A  member  of  a  repair  crew  making  repah^  m  a  shaft  for  the  pur- 
pose of  making  the  shaft  safe,  which  had  been  rendered  unsafe  by 
the  crushing  in  of  the  shaft,  can  not  recover  for  injuries  caused  by 
falling  rock  in  the  progress  of  the  work,  as  the  danger  from  such 
falling  rock  and  material  was  assumed,  where  it  was  the  duty  of  the 
mjured  employee  and  that  of  his  feUow  laborers  to  bore  down  and 
carry  away  such  rock  as  was  loose  and  dangerous  in  the  vicinity  of 
\heir  labor  and  where  it  was  well  known  to  him  that  the  place  was 
not  safe. 

Jantanen  v.  Quincy  Mining  Co.  (Michigan),  151  Northwestern,  571,  p.  572,  March, 
1915. 

QUESTION  OF  FACT. 

It  is  a  question  of  fact  for  a  jury  to  determine  whether  or  not  a 
miner  assumed  the  risk  of  going  down  in  a  car  loaded  with  timbers 
instead  of  walking  down,  where  the  evidence  is  such  that  the  jury 
may  infer  that  the  usual  and  customary  way  was  to  take  the  timber 
down  and  come  with  it  in  the  car,  and  though  the  proof  may  show 
that  it  was  safer  to  walk  down,  but  does  not  conclusively  show  that 
it  was  dangerous  or  hazardous  to  ride  down  on  the  car. 

Soathem  Iron  &  Steel  Co.  v.  Boeton  (Alabama),  66  Southern,  684,  p.  686,  Novem- 
ber, 1914. 

KNOWLEDGE  OF   WANT  OF   SAFETY  DEVICES. 

A  miner  who  imdertakes  to  work  in  a  mine  with  knowledge  of 
the  absence  of  a  derailing  switch  at  the  mouth  of  the  mine  and 
without  protection  that  such  switch  might  give  him,  and  who  relies 
upon  the  care  of  his  fellow  workmen  and  the  efficacy  of  a  wooden 
block  used  to  guard  the  mouth  of  the  min«  against  runaway  cars, 
can  not  recover  against  the  mine  owner  for  injuries  caused  by  a 
runaway  car,  and  especially  so  where  the  mine  was  operated  by  an 
independent  contractor  by  whom  the  injured  employee  was  em- 
ployed. 

Coamn  Weyman  Steel  Co.  v.  Kilgore  (Alabama),  66  Southern,  609,  p.  612,  Novem- 
ber, 1914. 
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EMPLOYEE   ENGAGED   IN   SINKING  A   SHAFT. 

An  employee  entering  the  employment  of  a  mine  operator  and 
engaged  in  the  work  of  sinking  a  shaft  voluntarily  assumes  all  the 
obvious  risks  and  dangers  ordinieurily  incident  to  such  mining  work; 
and  it  is  his  duty  to  familiarize  himself  with  the  imminence  of  the 
danger  and  he  is  taken  to  have  assumed  all  the  ordinary  risks  which 
are  incidental  to  the  work  of  sinking  the  shaft  of  which  he  actually 
knows,  and  also  such  risks  which  every  man,  using  ordinary  pru- 
dence and  care  in  the  performance  of  such  work,  would  be  bound 
to  learn  and  know  of  such  result  of  doing  such 'work,  and  for  an 
injury  resulting  from  any  such  obvious  or  usual  risk  or  danger,  there 
can  be  no  recovery. 

Benson  v.  Jones  &  Laughlin  Ore  Co.  (Michigan),  151  Northwestern,  707,  p.  708, 
March,  1915. 

FAILURE   TO   PEOP  ROOF. 

Under  the  custom  of  a  mine  in  Kentucky  where  it  is  the  duty  of 
a  miner  to  set  such  props  as  are  necessary  and  to  examine  the  roof 
when  he  blows  down  the  coal,  and  where  danger  is  created  by  the 
miner  in  the  progress  of  his  work,  the  miner  assumes  the  risk  result- 
ing from  the  change,  made  in  the  place  of  work  by  him  in  the  ordi- 
nary progress  of  the  work. 

Music  V.  Northeast  Coal  Co.  (Kentucky),  170  Southwestern,  971,  p.  972,  December, 
1914. 

EFFECT  OF  CONTRACT  OF  EMPLOYMENT. 

Assumption  of  risk  is  a  term  of  a  contract  of  employment,  either 
express  or  impUed  from  the  circumstances  of  the  employment,  and 
by  which  the  servant  agrees  that  dangers  of  injury  obviously  incident 
to  the  discharge  of  his  duties,  shall  be  at  his  risk. 

Osage  Coal  &  Mining  Co.  v.  Sperra  (Oklahoma),  142  Pacific,  1040,  p.  1043. 
DEATH   FROM   ASSUMED   RISKS — ^NO   RECOVERY. 

A  miner  employed  in  a  mine  does  not  assume  all  the  risks  of  his 
employment,  but  only  such  as  are  ordinarily  incidental  to  the  em- 
ployment, and  whether  a  miner  assumes  the  risk  or  not  is  a  question 
for  the  jury,  where  men  of  ordinary  judgment  on  the  facts  might 
reasonably  differ  in  opinion.  Accordingly,  where  an  employee  en- 
tered the  service  of  a  mine  operator  as  a  trapper  he  assumed  all  the 
ordinary  risks  incident  to  his  employment  as  toapper,  and  if  his 
death  was  caused  by  the  ordinary  risks  of  the  employment  which 
he  had  assumed,  and  not  by  reason  of  the  negligence  of  the  operator, 
then  there  can  be  no  recovery  for  the  death  of  such  trapper. 

Linard  v.  Interstate  Coal  Co.  (Kentucky),  169  Southwestern,  1006,  p.  lOOS,  October, 
1914. 
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MINER   ACTING   AS   BEPBESENTATIYE   OF  OPERATOR. 

A  servant  or  miner  is  not  ordinarily  required  to  make  a  minute 
or  detailed  examination  of  the  place  where  the  master  or  mine 
operator  puts  him  to  work,  nor  to  take  notice  of  any  defects  which 
would  not  be  apparent  to  one  who  usually  has  neither  time  nor 
opportunity  for  more  than  a  casual,  hurried  glance  at  the  place  of 
work  or  the  instrumentalities,  and  under  such  ciroimistances  he 
may  rely  on  the  master  or  operator  having  adequately  discharged 
his  primary  duty  of  using  ordinary  care  to  make  the  place  of  work  and 
instrumentalities  of  work  reasonably  safe  for  his  use ;  but  where  the 
servant,  or  miner,  as  the  representative  of  the  master  or  operator, 
is  himafilf  in  control  of  the  place  of  work,  or  instrumentalities  for 
doing  it,  and  the  manner  of  its  performance,  and  if  he  himself  under- 
takes its  performance,  he  then  assumes  not  only  the  risks  or  dangers 
that  are  obvious  but  also  such  as  ordinary  care  on  his  part  in  inspect- 
ing the  place  or  instrumentalities  of  work  before  beginning  it,  could 
have  enabled  him  to  discover  it. 

Louisa  Coal  Co.  v.  Hammond  (Kentucky),  169  Southwestern,  709,  p.  711,  October, 
1914. 

VIOLATION  OF   BULE. 

A  coal  miner  injured  in  attempting  to  remove  a  coal-cutting 
machine  by  a  method  positively  prohibited  by  a  rule  of  the  operator 
because  of  its  danger,  can  not  recover  damages  for  the  injury,  and 
especially  where  it  appears  that  the  injury  would  not  have  occurred 
if  the  machine  had  been  moved  according  to  the  rule  and  directions 
of  the  mine  operator. 

Fluhart  Collieries  Co.  v.  Meets  (Kentucky),  169  Southwestern,  686,  p.  687,  October, 
1914. 

BISKS  NOT  ASSX7HED. 
DEFECTIVE   CONSTBUCTION   OF   SIMPLE   APPLIANCE. 

An  employee  of  an  oil  company  is  not  charged  with  the  assump- 
tion of  risk  in  the  use  of  a  defective  ladder,  where  the  defect  con- 
sisted in  the  smallness  of  the  nails  used  to  fasten  the  steps  on  the 
sides  of  the  ladder  and  where  the  defect  was  not  so  apparent  or 
obvious  as  to  charge  him  with  knowledge;  and  an  employee  is  not 
chaiged  with  the  duty  of  inspection,  nor  even  the  exercise  of  ordinary 
care,  the  defect  being  one  of  construction,  and  beiog  the  case  of  a 
ladder  constructed  by  the  employer  in  a  defective  manner  and 
which  defects  were  hidden  from  the  employee  and  which  defects  in 
construction  caused  the  injury  for  which  the  employee  sues. 

Alamo  Oil  A  Befining  Co.  v.  Richards  (Texas  Civil  Appeals),  172  Southwestern, 
159,  p.  160,  January,  1915. 
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FAILURE   OF  OPERATOR  TO   FURNISH   MINER   SAFE   FLAGE. 

Where  the  negligence  of  a  coal-mine  operator  in  failing  to  provide 
a  miner  with  a  reasonably  safe  place  to  work  or  reasonably  safo 
machinery  or  tools  with  which  to  perform  the  work,  is  the  proximate 
cause  of  an  injmy  sustained  by  the  miner,  the  miner  will  not  be 
held  to  have  assumed  any  risk  that  would  not,  by  the  use  of  ordinary 
care,  have  been  obvious  to  a  person  of  ordinary  intelligence  in  a  like 
situation. 

Fluhart  Collieries  Co.  v.  Meets  (Kentucky),  169  Southwestern,  686,  p.  689,  Octo- 
ber, 1914. 

ELEOTBIC   WIBE8   IN   HAULAOEWAY. 

A  miner  working  in  a  coal  mine  assumes  the  risk  of  those  dangers 
which  he  actually  knows  or  of  which  he  ought  to  have  known,  but 
as  a  matter  of  law,  he  is  not  charged  with  the  assumption  of  the  risk 
of  danger  from  electric  wires  hanging  in  a  passageway  through 
which  he  was  required  to  pass  and  where  there  was  a  gap  left  in  the 
insulation  of  the  wire  and  where  he  came  in  contact  with  the  'wire 
and  received  the  injury  in  an  attempt  to  escape  from  a  mule  hauling 
a  coal  car  that  came  upon  him  suddenly  and  unexpectedly,  and 
especially  when  he  testified  that  he  had  no  knowledge  of  the  defective 
insulation  or  covering  of  the  wire. 

Hazzaid  v.  Consolidated  Coal  Co.  (Michigan),  149  Northwestern,  991,  p.   992, 
December,  1914. 

NEGLIGENCE  OF  OPEBATOB  NOT  ASSUMED. 

While  a  servant  or  miner  by  implication  agrees  that  he  will  under- 
take the  ordinary  risks  incident  to  the  services  in  which  he  is  to  be 
engaged,  yet  he  does  not  assume  any  risk  which  may  be  obviated  by 
the  exercise  of  reasonable  care  on  the  master's  part,  and  any  failure 
on  the  part  of  a  mine  operator  to  observe,  for  the  protection  of  his 
miners,  that  reasonable  degree  of  care  which  the  circumstances  of 
the  particular  case  justly  demand,  is  actionable  negligence  and  is 
not  within  the  influence  of  the  doctrine  of  assumed  risk. 

Darby  Coal  Mining  Go.  v,  Shoop  (Viiginia),  83  Southeastern,  412,  p.  415,  Novem- 
ber, 1914. 

TWO   WAYS   OF  DISCHARGING  A   DUTY. 

The  rule  requiring  a  miner  or  other  employee  to  select  the  safe  or 
less  daogerous  way  of  performing  service,  does  not  apply  altliough 
one  way  is  safer  than  the  other,  if  the  other  way  is  not  obviously  or 
necessuily  dangerous,  and  especially  if  a  custom  of  a  mine  permits 
the  performance  of  the  service  in  the  more  dangerous  way. 

Southern  Steel  A  Iron  Co.  i;.  Boston  (Alabama),  66  Southern,  684,  p.  686,  Novem- 
ber, 1914. 
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EFFECT  OF   PROMISE   TO   REPAIR. 

Assumption  of  risk  is  a  matter  of  implied  contract  and  an  em- 
ployee may  be  held  to  have  assumed  a  risk,  though  his  own  act  in 
proceeding  in  the  face  of  danger  would  not  constitute  negligence  on 
his  part;  but  the  employer's  promise  to  repair  a  defect  operates  as  a 
suspension  of  the  employee's  implied  contract  to  bear  the  risk,  and 
puts  the  obligation  on  the  operator  to  bear  the  risk  during  the  period 
covered  by  his  promise.  Accordingly  where  a  pit  boss  promised  a 
miner  on  Saturday  to  have  a  defective  track  i^epaired  before  Monday, 
the  miner  on  returning  to  his  work  on  Monday  morning  was  justified 
m  relying  upon  the  promise  of  the  pit  boss  and  in  believing  that  the 
defect  had  been  repaired  as  promised. 

El  PSmo  County  Land  A  Fuel  Co.  v.  Perdaris  (Colorado),  147  Pacific,  675,  p.  677, 
April,  1915. 

CONTBACTS  BBULTINa  TO  OFBBATIONS. 
KEGOTEBT  FOR  BBEACH  OF  CONTRACT — APPEAL  AND  JURISDICTION. 

The  Court  of  Appeals  of  Kentucky  has  no  jurisdiction  on  an  appeal 
from  a  judgment  for  less  than  $200,  a  recovery  for  coal  mined  by 
the  plaintiff,  where  the  title  to  the  land  is  not  in  controversy. 

Burk  Hollow  Coal  Co.  v.  LawBon  (Kentucky),  169  Southwestern,  695,  October,  1914. 
PURCHASE  OF  MININO  PROPERTY — BRIGHT  TO  RESCIND  FOR  FRAUD. 

A  contract  for  the  sale  of  mining  property  may  be  rescinded  on 
the  ground  of  fraud  and  misrepresentation  where  the  fraudulent 
representation  consisted  in  stating  that  the  mine  could  be  operated 
on  a  basis  of  a  20  per  cent  royalty,  when  in  fact  the  seller  while 
operating  under  a  20  per  cent  royalty  with  the  landlord,  was  boimd 
by  a  contract  with  other  parties  by  which  he  was  compelled  to  pay 
an  additional  10  per  cent  royalty,  aud  which  fact  was  fraudulently 
concealed  from  the  purchaser;  aud  the  right  to  rescind  can  not  be 
defeated  from  the  fact  that  the  purchaser  made  an  independent 
investigation  and  ascertained  from  the  landlord  that  the  royalty 
was  on  the  20  per  cent  basis,  when  in  fact  the  purchaser  had  no 
knowledge  as  to  the  additional  10  per  cent  royalty. 

GkuB  V.  Templeton  (MisBOuri  Appeals),  170  Southwestern,  665,  p.  666,  November, 
1914. 

SUIT  FOR  ROYALTY — EQUITY  JURISDICTION. 

An  action  growing  out  of  a  controversy  over  the  right  to  oil 
royalties  is  never  more  than  a  mere  money  demand  and  shows  no 
ground  of  equity  cognizance,  for  to  justify  the  interposition  of  a 
coiurt  of  equity  there  must  be  something  more  than  a  mere  claim  or 
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demand,  there  must  appear  some  equity  relief  to  such  claixa  or 
demand,  something  remedial  to  the  plaintiff  that  the  law  does  not 
give. 

Peterson  v.  Smith  (West  Vriginia),  84  Southeastern,  250,  January,  1915. 
CONSTRUCTION  OF  CONTRACT  TO  MINE  COAL — WRIGHTS  AND  LIABILnXBS. 

A  contract  to  mine  coal  whereby  the  mine  owner  might,  in  his 
discretion,  control  the  daily  tonnage  the  miner  might  remove,  and 
thereby  indefinitely  prolong  the  process  of  removing  the  coal,  is 
sufficient  to  impel  the  conclusion  that  the  contractual  intent  was 
for  an  employment  merely,  and  determinable,  without  breach,  at 
the  wiU  of  either  party,  as  otherwise  the  miner  would  be  obligated 
to  the  wholly  unreasonable  extent  of  indefinitely  holding  himself 
in  readiness  to  mine  whenever  the  mine  owner  so  desired,  or  to 
regulate  the  amount  of  coal  he  would  remove  according  to  the 
owner's  ungovemed  desires;  but  if  the  owner's  only  right  was  to 
suspend  mining  by  the  miner  because  there  were  no  orders  acceptable 
to  and  then  accepted  by  the  owner,  and  there  were  in  fact  accepted 
orders  on  the  part  of  the  owner,  and  the  owner  then  prevented  the 
miner  from  mining  the  coal,  this  would  be  a  breach  of  the  contract. 

Pratt  Consolidated  Coal  Co.  v.  Short  (Alabama),  68  Southern,  63,  p.  66,  February, 
1915. 

CONTRACTUAL  RELATION — ^VALIDnT  OF  CONTRACT. 

In  an  action  for  tha  breach  of  a  contract  to  mine  coal  entered  into 
by  a  mine  owner  and  a  miner,  an  averment  of  the  contractual  right 
of  the  miner  to  mine  all  the  coal,  within  a  reasonable  time,  in  a  cer- 
tain area  or  territory  in  the  mine  of  the  owner,  and  the  correlative 
obligation  on  the  owner  to  accept  and  pay  a  stipulated  sum  per  ton 
for  the  coal  so  mined  and  delivered  by  the  miner  at  a  designated 
tipple  of  the  owner,  is  sufficient  to  show  a  contractual  relation  and 
to  reheve  the  contract  of  any  uncertainty  and  indefiniteness  in 
respect  of  right  and  obligation  as  would  render  the  contract  invaUd. 

Pratt  Consolidated  Coal  Co.  v.  Short  (Alabama),  68  Southern,  63,  p.  65,  February, 
1915. 

CONTRACT  TO  MINE  DETERBONABLE  AT  WILL  OF  EITHER  PARTY. 

A  contract  between  a  mine  owner  and  an  independent  contractor 
by  which  the  latter  is  given  the  right  to  mine,  for  a  stipulated  sum 
per  ton,  all  the  coal  in  a  defined  area  in  one  of  the  owner's  mine 
entries,  but  which  contains  no  provision  for  the  time  or  period  in  or 
during  which  the  right  to  mine  the  coal  is  assured  to  such  contractor, 
and  where  it  appears  that  the  actual  right  of  the  contractor  to  mine 
the  coal  depended  upon  the  condition  whether  the  mine  was  operated 
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by  the  owner,  the  contract  is  determmable  at  the  will  of  either  party, 
ftiid  the  mine  owner  is  not  liable  for  a  breach  of  the  contract. 

Qiristiaii  V.  Stith  Coal  Co.  (Alabama),  66  Southern,  641,  November,  1914. 
UNILATERAL.  CONTRACT — EFFECT  OF  OPERATIONS. 

A  contract  tp  mine  coal  by  which  the  miner  was  given  the  exclusive 
right  to  mine  all  the  coal  in  a  certain  definite  territory  can  not  be 
held  void  because  it  is  imilateral,  and  contains  no  stipulation  or 
promise  obligating  the  miner  to  mine  all  the  coal  in  the  stated  terri- 
tory, where  the  miner  had  proceeded  with  the  work  and  made  an 
outlay  in  accordance  with  the  engagement,  under  the  rule  that  if  the 
party  in  whose  favor  a  unilateral  promise  is  made  accepts  it,  per- 
forms or  does  any  act  in  recognition  of  its  implied  though  unex- 
pressed consideration,  this  supplies  the  element  of  mutuality  and 
mdces  the  contract  enforceable. 

Pratt  Consolidated  Coal  Co.  v.  Short  (Alabama),  68  Southern,  63,  p.  67,  February, 
1915. 

TIME   OP  PERFORMANCE — PRESUMPTION. 

Where  a  contract  to  mine  all  the  coal  in  a  certain  area  or  territory 
is  silent  as  to  the  time  in  which  it  should  be  performed  by  the  miner, 
the  law  presumes  that  the  parties  intended  it  should  be  performed  by 
them  within  a  reasonable  time. 

Pratt  Consolidated  Coal  Co.  v.  Short  (Alabama),  68  Southern,  63,  p.  67,  February, 
1915. 

CONTRACT  WITH  BROKERS  TO  SELL  OUTPUT  OP  MINE. 

A  contract  by  which  a  coal-mining  company  agreed  that  certam 
brokers  should  have  the  exclusive  sale  of  its  output  of  coal  and  coke 
so  long  as  the  services  of  the  brokers  were  satisfactory  and  they  dem- 
onstrated their  ability  to  handle  the  same  and  by  which  the  coal 
company  agreed  that  no  one  else  should  quote  on  its  product,  and 
by  which  the  brokers  agreed  to  keep  the  coal  company  supplied  with 
orders  at  good  prices,  to  bill  and  collect  for  the  coal  and  coke  sold, 
and  to  guarantee  payment  of  all  accoxmts,  is  not  lacking  inmutuaUty 
and  the  contract  is  not  terminable  at  the  will  of  either  party,  and 
the  fact  that  the  coal  company  made  a  sale  of  coal  in  violation  of 
the  terms  of  the  contract  was  not  itself  a  revocation  of  the  agency 
and  for  which  the  coal  company  would  be  liable  to  the  brokers  for 
their  conmiission,  and  to  relieve  the  coal  company  of  this  liability 
it  must  give  notice  of  its  intention  to  terminate  the  contract  before 
it  could  relieve  itself  from  liability  for  sales  of  coal  made  by  it. 

Elkhom  Consolidated  Coal  &  Coke  Co.  v.  Eaton,  Rhodes  <&  Co.  (Kentucky),  173 
Southwestern,  798,  p.  800,  March,  1915. 

^7233"— Bull.  101—15 8 
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INDEFENDBNT  CONTRACTOB. 

INJURY  TO  MINER — OPERATOR  AN  INDEPENDENT  CONTRACTOR. 

A  coal  miner  who  is  employed  by  another  miner  under  contract 
with  the  owner  and  operator  of  the  coal  mine  must  be  regarded  as 
a  servant  of  the  coal-mine  operator  to  the  extent  that  he  is  entitled 
to  the  protection  afforded  by  statute  imposing  certain  duties  upon 
the  coal-mine  operator;  and  the  operator  can  not  be  permitted  to 
escape  liability  on  the  pretense  that  the  alleged  employer  is  an  inde- 
pendent contractor. 

Lehigh  Valley  Goal  Co.  v.  Yensavage,  218  Fed.,  547,  p.  552. 
LIABILITY  OF  OPERATOR  FOR  INJURY  TO  EMPLOYEE  OF  THIRD  PERSON. 

A  mine  operator  owes  to  a  servant  or  an  employee  of  an  independ- 
ent contractor,  mining  coal  by  the  ton,  the  duty  of  exercising  ordinary 
care  to  give  such  employee  a  reasonably  safe  place  to  work,  and  the 
mine  operator  is  not  relieved  from  this  duty  by  delegatmg  it  to  others 
or  to  independent  contractors;  and  the  negligence  of  the  independent 
contractor  under  such  circumstances  is  the  negligence  of  the  mine 
operator  and  for  which  it  must  respond  ih  damages  to  the  injured 
employee. 

Bon  Jellico  Coal  Co.  v.  Murphy  (Kentucky),  171  Southwestern,  160,  p.  161,  Decem- 
ber, 1914. 

MINE  owner's  duty  TO  CONTRACTOR'S  EMPLOYEES. 

A  mine  owner  who  employs  an  independent  contractor  to  operate 
his  mine  and  who  thereby  impliedly  invites  such  contractor  and  his 
employees  to  enter  and  use  the  mining  premises,  is  liable  to  them  for 
personal  injuries  resulting  from  any  condition  of  the  premises  which 
is  inherently  dangerous,  if  the  contractor  and  his  employees  have  no 
knowledge  or  notice  of  such  condition;  but  no  duty  devolves  upon  the 
mine  owner  by  reason  of  this  relationship  to  furnish  any  part  of  the 
equipment  necessary  or  suitable  for  the  operation  of  the  mine,  and 
there  is  no  duty  on  him  to  select  and  install  such  safety  appliances 
for  tracks,  trams,  or  machinery  as  would  render  their  negligent  opera- 
tion by  the  contractor  or  his  employees  less  likely  to  result  in  in- 
jury to  the  latter;  and  in  the  absence  of  any  agreement  to  this  eflfoct 
the  mine  owner  owes  no  duty  to  an  employee  of  such  independent 
contractor  to  provide  a  derailing  swntch  near  the  mouth  of  the  mine. 

Connors  Weyman  Steel  Co.  v.  Kilgore  (Alabama),  66  Southern,  609,  p.  610,  Novem- 
ber, 1914. 

CONTRACT  FOR  OPERATING  MINE DUTIES  IMPOSED  ON  OWNER. 

Provisions  in  a  contract  between  a  mine  owner  and  an  independent 
contractor  for  the  operation  of  a  mine  to  the  effect  that  the  mining 
shall  be  done  in  accordance  with  the  best  methods  and  with  the  min- 


DECISIONS  ON  MINES  AND  MINING.  101 

ing  laws  of  the  State,  and  to  the  satisfaction  of  the  owner  and  his 
engineer,  are  obviously  for  the  protection  of  the  mine  and  the  mine 
owner  and  not  for  the  benefit  of  employees  of  such  independent  con- 
tractor, except  as  they  may  be  operated  incidently  in  that  behalf, 
and  does  not  impose  upon  the  owner  the  duty  of  furnishing  a  particu- 
lar device  to  insure  the  safety  of  the  contractor's  employees. 

Connora  Weyman  Steel  Co.  v.  Kilgore  (Alabama),  66  Southern,  609,  p.  611,  Novem- 
b<7, 1914. 

MASTER    AND    SERVANT — ^EMPLOTBE    OF    INDEPENDENT    CONTRACTOR. 

Where  a  head  miner,  as  is  common,  employed  assistants  and  help- 
ers,-who  stand  in  the  same  relation  to  the  mine  owner  and  operator 
and  the  mine  boss  as  the  head  miner  stands,  it  is  the  duty  of  the 
mine  owner  and  operator  to  protect  such  helpers  in  every  way  and 
to  the  same  extent  as  he  should  protect  the  head  miner;  but  the  head 
miner  or  workman  in  such  case  is  not  an  independent  contractor,  but 
a  servant  whose  position  depends  on  the  amount  of  coal  he  gets  out 
and  in  such  case  the  amount  paid  his  helpers  by  him  is  taken  out  of 
his  pay,  and  where  both  are  subject  to  the  control  of  the  mine  owner 
and  operator  they  are  equally  his  servants. 

Borderland  Coal  Co.  v.  Small  (Kentucky),  170  Southwestern,  8,  p.  9,  November, 

1014. 

PABTNEBSHIP  AaBEEMEMTS. 
MINING  PARTNERSHIPS — WHAT  CONSTITUTES. 

A  mining  partnership  exists  where  the  several  owners  of  a  mine 
cooperate  in  the  working  of  a  mine;  and  a  mining  partnership  may 
exist  as  well  where  the  parties  have  a  common  interest  merely  in 
the  working  of  a  mine  or  in  carrying  on  mining  operations  as  where 
they  own  the  mine  itself;  and  when  two  or  more  persons  acquire 
mining  properties  solely  or  principally  for  the  purpose  of  extracting 
ores,  in  the  absence  of  an  express  intention  to  enter  into  joint  com- 
mercial partnership  in  the  operation  of  a  mine^  the  relation  existing 
between  them  in  the  transaction  of  other  common  business  is  a  min- 
ing partnership. 

Lamont  v.  Re3mold8  (Colorado),  144  Pacific,  1131,  December,  1914. 

PROMOTERS  NOT  PARTNERS. 

The  fact  that  two  persons  joined  with  others  as  promoters  in  the 
oiganization  of  a  corporation  to  purchase  mines  and  mining  properties 
and  the  fact  that  two  of  them  subsequently  executed  a  declaration  of 
trust  by  which  they  joined  their  holdings  of  stocks  and  bonds,  is  not 
sufficient  to  constitute  a  partnership  authorizing  one  to  bind  the 
other  by  contract  or  to  make  one  liable  to  account  to  the  other  for 
profits  received. 

Ringolaky  v.  Maul  L.  Mining  Co.  (Missouri),  171  Southwestern,  56,  p.  59,  December, 
1914. 
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OPERATING  LEASE   BY  JOINT  OWNERS. 

Joint  owners  of  an  oil  and  gas  lease  who  worked  the  lease  together 
though  not  under  any  special  agreement^  are  partners^  and  as  such 
they  are  subject  to  the  jurisdiction  of  equity;  but  a  sale  or  an  assign- 
ment by  one  member  of  his  interest  in  the  lease  does  not  terminate  a 
mining  partnership;  and  a  deed  of  trust  by  one  such  partner  on  his 
share  operates  as  a  sale  to  the  trustee^  but  it  does  not  constitute  the 
trustee  a  member  of  the  partnership. 

Wetzel  V.  Jonee  (West  Virginia),  84  Southeastern,  951,  p.  952,  April,  1915. 
DISSOLUTION    AND    TERMINATION    OF    LIABILITY. 

An  agreement  by  and  among  three  lessees  of  mining  property  to 
work  and  operate  a  mine  under  and  in  pursuance  of  the  lease  is  suffi- 
cient to  create  a  mining  partnership  in  its  narrowest  and  most  tech- 
nical sense;  but  such  a  partnership  terminates  when  any  one  of  the 
lessees  ceases  to  work  or  aid  in  the  working  of  the  mine,  and  the  other 
lessees  thereafter  have  no  authority  to  operate  the  mine  in  behalf  or  at 
the  expense  of  the  lessee  who  has  positively  withdrawn  from  the 
operation  of  the  mine. 

Lament  v.  Reynolds  (Colorado),  144  Pacific,  1131,  p.  1132,  December,  1914. 

METHODS  OF  OFEBATINa. 

MINING  COAL  NOT  INTERSTATE  COMMERCE. 

The  mere  act  of  mining  coal  is  not  interstate  commerce. 

Delaware,  etc.,  R.  Co.  v.  Yurkonis,  220  Fed.,  429,  p.  433,  January,  1915. 

LABOR  ORGANIZATIONS. 

RELATION  .OF  CAPITAL  AND  LABOR. 

The  industrial  development  of  the  world  within  the  last  half  century 
has  been  such  as  to  render  it  necessary  for  the  courts  to  take  a  broader 
and  more  comprehensive  view  than  formerly  of  questions  pertainmg 
to  the  relation  that  capital  sustains  to  labor. 

Mitchell  V.  Hitchman  Coal  &  Coke  Co.,  214,  Fed.,  685,  p.  698. 

LABOR   UNIONS   LAWFUL. 

Some  expressions  in  the  earher  English  cases  indicate  that  labor 
unions  in  England  were  formerly  regarded  as  imlawf ul  and  this  rule 
was  applied  especially  to  labor  unions  formed  for  the  purpose  of 
securing  a  higher  rate  of  wages,  and  they  were  regarded  by  the  English 
courts  as  criminal  conspiracies;  but  this  rule  has  never  been  recog- 
nized by  the  courts  of  the  United  States  and  the  rule  throughout  this 
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coDntiy  is  that  labor  may  organize  for  its  own  protection  and  to 
further  the  interests  of  the  laboring  classes,  and  laborers  may ''  strike  " 
and  persuade  and  induce  others  to  join  them,  It  is  only  when  such 
a  union  of  laborers  resorts  to  tmlawful  means  to  cause  injuries  to 
others,  to  whom  they  have  no  relation,  contractually  or  otherwise, 
the  limit  permitted  by  law  is  passed  and  they  may  be  restrained. 

3£itchell  v.  Hitchinan  Coal  &  Coke  Co.,  214  Fed.,  685,  p.  697. 
Bittner  r.  West  Viiginia-Pittflbuigh  Coal  Co.,  214  Fed.,  716,  717. 

RELATIVE     RIGHTS     OF     OPERATORS     AND     MINERS — CONTROVERSIES 

SETTLED  BY  COURTS. 

So  long  as  capital  employs  legitimate  means  for  the  protection  of 
property  rights,  it  is  to  be  accorded  the  protection  of  the  law;  but  this 
does  not  mean  that  capital  may,  by  improper  methods,  form  combina- 
tions for  the  purpose  of  preventing  labor  from  organizing  for  mutual 
protection;  and  laboring  men  have  the  right  to  use  peaceable  and 
lawful  methods  and  unite  their  forces  in  order  to  improve  their  condi- 
tion as  respects  their  abiUty  to  earn  a  decent  hving,  give  their  children 
moral  and  intellectual  training  and  secure  the  enactment  of  legislation 
requiring  mine  owners  to  adopt  such  methods  as  may  be  necessary  to 
keep  their  mines  in  a  sanitary  condition;  and  likewise  to  adopt 
methods  to  minimize,  as  much  as  possible,  the  occurrence  of  the  awful 
catastrophes  by  which  so  many  human  lives  have  been  lost;  and 
when  a  controversy  arises  between  labor  and  capital  the  use  of  dyna- 
mite or  any  other  imlawf  ul  methods  on  the  part  of  the  representatives 
of  labor,  whereby  property  and  human  lives  are  destroyed,  is  not  to 
be  tolerated  by  the  courts.  The  relative  rights  of  the  parties  in  all 
such  controversies  are  entitled  to  equal  consideration  and  contro- 
versies between  mine  employers  and  labor  unions  will  be  dealt  with 
m  the  same  spirit  that  actuates  the  courts  in  adjusting  differences 
between  individuals  in  questions  affecting  ordinary  transactions; 
and  imtil  it  is  provided  by  legislation  that  labor  disputes  shall  be 
settled  by  arbitration  the  courts  must  determine  all  controversies  of 
this  character,  and  as  the  law  now  exists,  when  property  or  personal 
rights  are  involved,  the  courts  alone  can  furnish  adequate  rehef . 

Mitchell  V.  Hitchman  Coal  &  Coke  Co.,  214  Fed.,  685,  p.  715. 

COAL  MINICBS — ^FOBEIGNEBS   PROTECTED — UNITED  MINE   WORKERS. 

A  large  percentage  of  the  inillion  or  more  foreigners  landing  on 
our  shores  annually  are  employed  as  miners,  and  while  vast  numbers 
of  them  are  unable  to  read  and  write  or  understand  the  English 
langui^e,  they  beUeve  they  can  secure  a  more  substantial  recognition 
of  their  rights  as  members  of  a  labor  union;  and  so  long  as  they  are 
here  for  the  purpose  of  earning  a  living  and  improving  their  condi- 
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tion,  and  at  the  same  time  adding  to  the  wealth  of  the  country,  it 
is  the  duty  of  the  Government  to  afford  them  equal  protection  under 
the  Constitution;  and  there  is  nothing  in  the  national  constitution 
of  the  United  Mine  Workers  of  America  or  in  the  rules  of  this  organi- 
zation that  binds  a  member  contrary  to  his  wishes  or  prevents  him 
from  exercising  his  own  free  will ;  nor  has  the  imion  arbitrary  power,  by 
violence,  intimidation,  or  otherwise,  to  compel  a  miner  to  become  a 
member  of  the  organization;  nor  do  the  rules  of  the  organization 
control  or  abrogate  or  destroy  the  right  of  an  employer  to  contract 
with  the  members  independent  of  the  organization,  and  this  as  well 
as  similar  organizations  may  use  all  lawful  methods  for  the  purpose 
of  inducing  others  to  join  its  order,  and,  imtil  the  contrary  appears, 
it  must  be  assumed  that  only  lawful  methods  are  to  be  employed  for 
the  accomplishment  of  such  purpose. 

Mitchell  V.  Hitchman  Coal  &  Coke  Co.,  214  Fed.,  685,  pp.  6d9-702. 

UNLAWFUL  ACTS  OF  LABOR  UNIONS. 

If  the  United  Mine  Workers  of  America  in  any  instance  resort  to 
coercion,  threats,  intimidation,  or  violence  for  the  purpose  of  pre- 
venting a  mine  owner  from  employing  nonunion  men,  such  conduct 
would  be  unlawful,  and  the  courts  would  promptly  restrain  anyone 
who  might  be  a  party  to  such  transaction;  and  it  would  always  be 
unlawful  for  an  individual  to  undertake,  by  coercion,  intimidation, 
or  threats,  to  prevent  a  mine  owner  from  exercising  lus  own  free  will 
as  to  the  employment  of  nonunion  laborers,  or  as  to  any  other  thing 
which  he  might  deem  necessary  to  be  done  in  order  to  protect  his 
property  rights. 

Mitchell  V.  Hitchman  Coal  &  Coke  Co.,  214  Fed.,  685,  p.  703. 

PBBVENTINa  OPERATIONS— mjrUNCTIONS. 
STRIfiINO   MINERS — VIOLATIONS   OF   INJUNCTION. 

It  is  a  violation  of  an  injunction  issued  to  restrain  miners  from 
committing  any  violence  against  the  property  and  nonunion  employees 
of  a  mining  company  where  a  miners^  union  and  its  members  con- 
tinue to  threaten  assaults,  fire  shots  into  the  mine  inclosure,  and 
throw  stones  at  the  employees,  and  where  it  was  made  necessary  by 
reason  of  the  threats  and  intimidation  of  the  strikers  to  have  the 
mine  guarded  by  United  States  marshals  and  guards  were  required 
to  accompany  employees  sent  to  purchase  supplies,  and  where  lan- 
guage was  used  and  conduct  continued  intended  to  incite  strikers 
and  others  to  a  violation  of  the  restraining  order. 

United  States  v.  Colo.,  216  Fed.,  654,  p.  656. 
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INTERFERENCE   WITH   WATER  MAINS   ENJOINED. 

Where  there  is  a  statutory  right  to  lay  a  water  pipe  line  from  a 
watercourse  over  certain  reservations  to  mining  operations  on  leased 
premises,  and  where  after  opening  one  mine  and  laying  one  pipe  line 
by  the  lessee  it  is  foxmd  impracticable,  on  account  of  mining  condi- 
tions at  that  point,  to  successfully  and  profitably  mine»  coal,  and  to 
perform  the  covenants  of  the  lease  to  use  the  best  and  most  improved 
methods  and  to  pay  the  rent  and  royalties  reserved,  it  accordingly 
becomes  necessary  to  abandon  such  operations,  locate  a  new  mine 
and  lay  a  new  water  hne  thereto  across  the  reserved  lands,  and  when 
such  new  plant  and  water  line  have  been  so  located  and  laid  at  great 
eicpense  and  used  and  operated  for  two  years  or  more  without  inter- 
ference by  the  lessor,  equity  will  enjoin  the  lessor  from  thereafter 
interfering  therewith  as  well  as  from  prosecuting  suits  for  damages 
for  the  maintenance  of  such  new  water  line. 

Mazy  Helen  Coal  Co.  v.  Hatfield  (West  Virginia),  83  Southeastern,  292,  November, 
1914. 

MINE   OPERATOR   LIABLE   FOR   NUISANCE. 

A  mine  owner  operating  his  coal  mine  on  or  near  the  banks  of  a 
creek,  and  who  in  pursuit  of  the  business  of  mining  has  erected  a 
number  of  tenant  houses,  stables,  and  outhouses,  together  with  slaugh- 
ter pens  where  cattle  are  killed  and  dressed,  and  where  all  the  refuse 
and  filth  from  these  various  establishments  fall  into  or  are  washed 
into  the  waters  of  the  creek  and  carried  down  upon  or  along  the 
lands  of  a  lower  riparian  owner,  may  be  liable  in  damages  to  such 
lower  riparian  owner  for  maintaining  a  nuisance. 

Stouts  Mountain  Coal  &  Coke  Co.  v.  Tedder  (Alabama),  66  Southern,  619,  Novem- 
ber, 1914. 

MINING  LEASES. 

LEASES  GEKEBAUEiY-CONSTBUCTION. 
CONSTBUCnON    OF    NOTE    AND    MINING    LEASE — RATE    OF    INTEREST. 

A  note  given  in  part  payment  for  the  purchase  of  mining  property 
may  be  construed  in  connection  with  a  mining  lease  executed  at  the 
same  time  for  the  purpose  of  determining  the  rate  of  interest  on  the 
note. 

Boevell  v.  Big  Vein  Pocahontas  Coal  Co.,  217  Fed.,  822,  p.  823,  November,  1914. 

LEASE  AS   A   SALE. 

A  lease  of  mines  is  not  in  reality  a  lease  in  the  sense  of  an  agricul- 
tural lease,  as  there  is  not  sowing  and  reaping,  and  in  the  ordinary 
sense  of  the  term  there  are  no  periodical  harvests;  but  what  is  called 
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a  mineral  lease  is  really,  when  properly  considered,  a  sale  out  and  out 
of  a  portion  of  the  land. 

Von  Baumbach  v.  Sargent  Land  Co.,  219  Fed.,  31,  p.  38. 
LESSEE    LIABLE   TO   LESSOR   FOR   COMMISSION    FOR   OBTAINING   LEASE. 

The  owne?;  of  mineral  lands  is  entitled  to  an  accounting  and  to 
recover  from  a  person  who  induced  him  to  execute  a  mining  lease 
under  certain  stated  terms,  on  the  false  and  fraudulent  representa- 
tions that  the  lessee  had  arranged  to  transfer  and  assign  the  lease  to 
a  third  person  for  a  stipulated  sum,  and  where  the  lessee  agreed  to 
pay  such  owner,  as  an  additional  inducement  to  execute  the  lease,  a 
stipulated  part  of  the  sum  so  to  be  received  by  him  in  consideration 
of  the  assignment  of  the  lease,  and  where  the  sum  stated  by  the 
lessee  to  be  received  by  him  for  the  assignment  of  the  lease,  was  in 
fact  much  less  than  the  actual  sum  he  did  subsequently  receive  for 
the  assignment  of  the  lease. 

Expansion  Realty  Co.  v.  Geren  (Missouri  Appeals),  170  Southwestern,  928,  p.  923, 
November,  1914. 

NATURE   AND   CONSTRUCTION — WRIGHTS   OF   LESSOR   AND   LESSEE. 

A  lease  by  which  the  lessee  is  authorized  to  explore  for,  mine,  and 
remove  the  merchantable  iron  ore  which  may  be  found  in  or  upon 
the  land,  and  to  construct  buildings,  make  excavations,  openings, 
drains,  roads,  and  other  improvements  thereon,  suitable  for  mining 
and  removing  the  iron  ore,  with  the  privil^e  of  cutting  and  using 
timber  from  the  leased  premises  for  carrying  on  mining  operations, 
with  provisions  for  the  payment  of  the  ore  mined  and  giving  the 
lessor  a  lien  upon  all  ore  taken  from  the  mine  and  upon  all  improve- 
ments as  security  for  the  payment  of  the  royalties  for  ore  mined, 
confers  upon  the  lessee  the  right  to  explore  for,  remove,  and  trans- 
port to  market  all  iron  ore  found  therein,  and  such  additional  rights 
and  possession  of  the  control  of  the  premises  as  are  necessary  to  the 
proper  conduct  of  the  mining  operations;  but  the  lessor  as  owner  of 
the  fee  retains  the  right  of  possession  of  the  surface  of  the  land  and 
can  maintain  an  action  against  third  persons  entering  thereon  with- 
out right  or  authority  from  him. 

Howell  V.  Cuyuna  Northern  Railway  Co.  (Minnesota),  149  Northwestern,  942, 
December,  1914. 

TERMINATION  OF  LEASE — PROOF  OF  CUSTOM. 

Under  a  mining  lease  by  which  the  lessee  obligated  himself  to  work 
the  mine  property  as  steadily  and  continuously  during  the  term  as 
the  weather  and  seasons  of  the  year  would  permit,  the  lessee  can  not, 
in  an  action  by  the  lesvsor  for  rent  due,  prove  a  custom  among  miners 
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by  which  lessees  under  such  leases  are  permitted  and  have  the  right 
to  cease  working  under  the  lease  and  remove  from  the  leased  premises 
whenever  they  choose  so  to  do,  as  proof  of  such  a  custom  would 
impair  the  lessor's  right  to  recover  rent  provided  for,  and  further  for 
the  reason  that  the  terms  of  such  a  lease  as  to  the  time  of  operation 
are  plain  and  such  a  lease  can  not  be  varied  by  evidence  of  usage,  as 
such  proof  can  be  shown  only  when  the  terms  of  a  lease  are  obscure 
or  uncertain  and  the  lessee  was  boimd  to  continue  the  work  as  steadily 
and  as  continuously  from  the  date  of  the  lease  as  the  weather  and 
seasons  of  each  year  would  permit  during  the  entire  term  of  the  lease. 

Xorthem  Light  Mining  Co.  v.  Blue  Grooee  Mining  Co.  (Califoniia),  143  Pacific,  540, 
p.  542. 

lessee's   bight  to  CONSTRUCT  RAILROAD  ON   SURFACE. 

A  lessee  under  a  mining  lease  anthoming  him  to  construct  all 
buildings,  make  all  excavations,  openings,  drains,  railroads,  wagon 
roads,  and  other  improvements,  on  the  leased  premises  suitable  for 
the  mining  and  removing  of  iron  ore  and  granting  such  other  facilities 
as  may  be  necessary  to  a  successful  operation  of  a  mine,  has  no  right 
to  authorize  the  construction  of  a  railroad  upon  the  leased  premises, 
except  for  the  purpose  of  aiding  in  the  mining  operations  and  the 
transportation  of  ore  to  market. 

Howell  V.  Cuyuna  Northern  Bailway  Co.  (Minnesota),  149  Northwestern,  942, 
p.  943,  December,  1914. 

MINING   LEASE — USE   OP   SUBFACE — VALIDITY. 

A  mining  lease  for  a  period  of  50  years  executed  for  the  purpose  of 
conferring  upon  the  lessee  the  right  to  mine  iron  ore  in  and  from  the 
land  described,  with  permission  to  erect  buildings,  put  in  engines  and 
machinery,  build,  or  authorize  to  be  built,  roads,  iQcluding  raiboads 
and  switches,  for  the  purposes  of  transporting  supplies  to  any  mine 
on  the  property  and  transporting  ore  therefrom,  and  to  do  all  such 
other  things  as  may  be  necessary  or  convenient  for  the  carrying  on 
of  iron-ore  mining  on  the  premises  described,  is  valid  though  the 
surface  of  the  land  is  used  for  agricultural  pxuposes,  and  does  not 
contravene  the  constitutional  provision  that  *'no  lease  or  grant  of 
agricultural  lands  for  longer  than  12  years,  reserving  any  rent  or 
surface,  shall  be  valid." 

De  Graase  v.  Verona  Mining  Co.  (Michigan),  152  Northwestern,  242,  p.  250,  April, 
OPTION   AGREEMENT  TO   LEASE — EFFECT   AND   CONSTRUCTION. 

An  option  agreement  givmg  the  leasing  party  the  right  to  demand 
and  receive  a  mining  lease  at  any  time  within  one  year  upon  the 
condition  that  the  lessee  would  commence  within  a  stated  period,  and 
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continue  in  a  manner  specified,  the  exploration  of  the  property  until 
a  demand  for  a  lease  or  abandonment  of  the  option,  obligates  tlie 
optionor  to  execute  and  deliver  a  lease  on  demand,  whether,  when 
such  demand  was  made,  ore  was  discovered  or  not,  on  the  sole  con- 
dition that  up  to  the  time  of  such  demand  the  optionee  kept  the 
option  alive  by  commencing  and  continuing  the  required  exploratory 
work;  and  the  optionor  can  not  be  heard  to  say  he  was  induced  to 
execute  the  lease  upon  a  misrepresentation  of  a  certain  fact,  when 
he  was  bound  by  his  contract  to  execute  the  lease  whether  the  fact 
alleged  to  have  been  represented  was  true  or  otherwise. 

De  Grasse  v.  Verona  Mining  Co.  (Michigan),  152  Northwestern,  242,  p.  246,  April, 
1915. 

COVENANT  TO  EXPLORE  AND  DEVELOP  NOT  IMPLIED. 

A  lease  providing  that  all  mines  of  iron  ore  on  the  premises  described 
shall  be  opened,  used,  and  worked  in  such  manner  as  is  usual  and 
customary  in  successful  mimng  operations  of  similar  character  when 
conducted  by  the  proprietors  themselves,  and  so  as  not  to  do  or  permit 
any  unnecessary  or  unusual  mjury  to  the  same,  or  inconvenience  or 
hindrance  in  the  subsequent  operations  of  any  mine  or  mines  on  the 
leased  premises,  the  lessee  not  to  remove  or  impair  any  support, 
timber,  framework,  shafts,  tramsways  necessary  or  convenient  for 
the  use  or  maintenance  of  such  mines,  and  providing  that  the  earth 
and  rocks  taken  from  the  mine  shall  be  dmnped  in  such  places  as  not 
to  interfere  with  the  convenient  working  of  any  mine  or  mines,  does 
not  require  the  lessee  to  open,  use,  or  work  a  mine;  but  it  rather  fixes 
and  settles  the  manner  in  which  the  lessee  shall  open,  use,  and  work 
a  mine,  the  object  being  to  prevent  a  waste  of  ore  and  unapproved 
methods  of  mining,  and  to  compel  the  lessee  to  leave  the  mine  on  its 
surrender  in  a  good,  safe,  workmanlike  condition;  and  the  court  can 
not  under  the  statute  of  Michigan,  which  provides  that  no  covenant 
shall  be  implied  in  any  conveyance  of  real  estate,  whether  the  con- 
veyance contains  special  covenants  or  not,  create  a  covenant  by 
implication  in  the  lease  and  impose  on  the  lessee  an  obligation  to 
operate  the  mine  or  make  thorough  exploration  to  determine  whethCT 
the  leased  premises  contain  ore  or  not. 

De  Grasse  v.  Verona  Mining  Co.  (Michigan),  152  Northwestern,  242,  p.  247,  April, 
1915. 

RIGHT   TO   REMOVE    ORE   MINED. 

A  lease  executed  under  an  option  providing  for  a  lease  for  mining 
purposes  and  removing  iron  ore  from  the  described  premises,  and 
which  confers  upon  the  lessee  the  right  to  mine  and  provides  for  the 
payment  of  royalty  on  all  ore  mined  and  removed  from  the  premises, 
and  provides  that  the  lessee  shall  pay  a  stipulated  sum  each  year  if 
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he  fails  to  mine  and  remove  less  than  a  stated  amount  each  year, 
dearly  discloses  an  intention  on  the  part  of  both  parties  to  include  in 
the  lease  the  right  of  removal  of  the  iron  ore  mined. 

De  GiBase  v.  Verona  Mining  Co.  (Michigan),  152  Northwestern,  242,  p.  249,  April, 

1915. 

CONSTRUCTION — DIAMOND   LEASE — FRAUD. 

A  mine  owner  and  lessor  of  a  diamond  mine  can  riot  recover  the 
possession  of  diamonds  from  the  lessee,  mined  by  him  from  the  leased 
mine,  on  the  ground  that  the  lease  was  procured  for  the  fraudulent 
purpose  of  discrediting  the  mine  and  to  keep  the  lessor  ignorant  as 
to  the  value  of  the  large  diamonds  discovered,  to  stifle  the  business 
of  mining,  to  depress  the  value  of  the  mine,  and  to  buy  it  for  a  mini- 
mum price,  unless  he  proves  by  a  fair  preponderance  of  evidence  the 
fraudulent  acts  alleged  by  him  and  that  the  lease  was  procured  for 
the  fraudulent  purposes  alleged  and  that  the  diamonds  were  in  fact 
mined  with  the  false  and  fraudulent  intent  as  averred. 

^launey  v.  Millar  (Arkansas),  175  Southwestern,  402,  March,  1915. 

ROYALTIES. 

Royalty  is  a  certain  percentage  or  proportion  specifically  stated  or 
on  a  graduated  scale  according  to  the  value  of  the  ore,  based  on  either 
the  net  proceeds,  smelter  returns,  mill  returns,  or  returns  evidenced 
by  the  certificate  of  the  United  States  assay  office,  or  otherwise,  as 
the  parties  agree  upon. 

Saulsberry  v.  Saubberry  (Kentucky),  172  Southwestern,  932,  February,  1915. 

RECOVEKY  OP  RENT  OR  ROYALTY. 

In  an  action  on  a  lease  by  which  the  lessee  agreed  to  work  certain 
mines  in  mine  fashion  and  pay  a  certain  stipulated  rent  or  royalties, 
the  amount  depending  on  the  amount  of  mineral  mined,  the  royalties 
to  be  paid  annually  in  gold  or  precious  minerals  extracted  from  the 
premises,  no  allegation  of  a  demand  for  the  payment  of  the  rent  is 
essential  though  no  particular  day  was  designated  for  payment;  but 
the  precise  time  and  whether  made  in  one  or  more  installments  was 
left  to  the  discretion  of  the  lessee,  but  in  any  event  the  entire  amount 
of  annual  rent  would  be  due  at  the  end  of  the  year,  and  if  not  paid 
an  action  would  then  lie  for  its  recovery,  whether  the  payment  was 
to  be  made  in  gold  dust,  bullion,  mineral  or  money. 

Northern  Light  Mining  Co.  r.  Blue  Gooee  Mining  Co.  (California),  143  Pacific,  540, 
p.  542. 

RIGHT  TO  ROYALTIES  FROM  SUBLEASE — TRANSFER   BY  BANKRUPT. 

An  owner  of  an  undivided  interest  in  a  mining  claim  leased  his  co- 
owner's  interest  and  agreed  by  the  terms  of  the  lease  to  work  the 
entire  claim,  and  thereafter  sublet  the  claim  to  another  reserving  to 
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himself  a  percentage  of  the  gross  output,  and  then  conveyed  his 
undivided  interest  in  the  claim  to  his  ^e  and  subsequently  became 
a  bankrupt.  In  a  contest  between  the  trustee  of  the  estate  of  the 
bankrupt  and  the  bankrupt's  wife,  the  latter  was  not  permitted  to 
retain  all  the  royalties  reserved  in  such  sublease  as  against  the 
trustee  in  bankruptcy. 

Stroecker  v.  Pattereon,  220  Fed.,  21,  February,  1915. 

FORFEITURE — EFFECT  ON   ROYALTIES   NOT  DUE. 

A  forfeiture  of  a  mining  lease  by  the  lessor  and  a  reentry  by  him 
between  rental  periods,  releases  the  lessee  from  liabiUty  for  all 
rents  not  fully  accrued  at  the  time  of  such  forfeiture  and  reentry. 

G.  W.  Young's  Mining  Co.  v.  Courtney,  219  Fed.,  868,  p.  871. 

ARSrrRARY   FORFErrURE — EQUITABLE  RELIEF  DENIED. 

A  lessor  of  a  mining  lease  who  has  arbitrarily  declared  a  forfeiture 
of  the  lease  and  who  has  reentered  and  taken  possession  of  the  leased 
premises,  will  not  be  granted  equitable  relief  and  can  not  have  an 
equitable  lien  declared  upon  the  lessee's  personal  property  for  royalty 
due,  where  the  lessee  had  not  produced  sufficient  ore  in  the  current 
year  to  entitle  him  to  a  setoff  for  the  excess  of  royalties  paid;  but 
where  having  a  contingent  right  thereto,  it  would  have  been  available 
but  for  the  arbitrary  forfeiture  of  the  lease. 

G.  W.  Young's  Mining  Co.,  219  Fed.,  868,  p.  872. 

FORFEFTURE — BREACH   OF   IMPLIED   COVENANT. 

Where  the  right  of  forfeiture  in  a  mining  lease  is  confined  to  the  fail- 
ure of  the  lessee  respecting  the  covenants  and  conditions  which  are 
expressed  in  the  lease,  and  does  not  arise  upon  the  nonobservance  of 
an  implied  covenant  or  condition,  the  lessor  can  not  claim  the  right 
to  forfeit  .the  lease  because  of  the  failure  of  the  lessee  to  perform  an 
implied  covenant. 

De  Grafise  v.  Verona  Mining  Co.  (Alichigan),  152  Northwestern,  242,  p.  249,  April, 
1915. 

AVOIDANCE   FOR   FRAUD — KNOWLEDGE  OF  FACTS. 

To  entitle  a  lessor  of  a  mining  lease  to  cancel  and  avoid  the  same  on 
the  ground  that  he  was  induced  to  enter  into  it  upon  the  faith  of 
unwarranted  representations,  it  is  essential  that  he  should  be  ignorant 
of  the  matters  represented;  and  if  before  he  executed  the  lease  he 
had  knowledge  of  the  truth  and  knew  that  the  statements  made  by 
the  lessee  and  incorporated  in  the  lease  itself  were  not  true,  he  can 
not  claim  to  have  been  deceived ;  and  where  the  mining  lease  recites 
that  the  lessee  had  explored  the  premises  and  represents  that  there 
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exists  thereon  iron  ore  in  pajring  quantities,  if  the  lessor  was  well 
infonned  of  the  results  of  the  exploratory  work,  and  knew  that  iron 
ore  in  quantity  and  quality  sufficient  to  warrant  opening  up  and 
mining  the  same  had  not  heen  discovered,  he  can  not  claim  to  have 
been  defrauded  by  the  representation. 

De  Graae  v.  Verona  Mining  Co.  (^iichigan),  152  Northwestern,  242,  p.  244,  April, 
1915. 

COAX  LEASES. 
PRACTICAL  CONSTRUCTION. 

A  court  will  not  construe  a  coal  lease,  though  somewhat  ambiguous, 
where  the  parties  themselves  continued  payment  of  royalties  for  a 
period  of  three  years  after  the  death  of  the  lessor,  and  thereby  placed 
their  own  construction  upon  the  lease  with  reference  to  the  time  and 
method  of  making  payment  of  royalties. 

Prudence  Coal  Co.  v.  Perkins,  217  Fed.,  669,  p.  574. 

CONTRACT  AS  A   SALE   AND  NOT   A   LEASE — FORFEITURE   AND  CANCEL- 
LATION. 

A  contract,  denominated  a  lease,  by  which  the  lessee  named  was 
given  the  exclusive  right  to  mine  and  remove  within  a  stated  period 
all  of  a  certain  vein  of  coal  underlying  certain  tracts  of  land,  pro- 
viding that  the  lease  was  in  gross  and  not  by  acreage  and  reciting  that 
it  sold  outright  and  transferred  to  the  lessee  a  mining  plant  and  cer- 
tain property  and  machinery  used  in  connection  therewith,  for  a 
stipulated  consideration,  payable  in  different  amounts  at  stated 
dates,  and  providing  also  for  the  payment  of  a  *' long- ton  royalty  of 
15  cents  to  be  paid  for  the  coal  mined  and  removed,"  and  providing 
further  that  the  royalty  should  for  the  first  three  years  amount  each 
year  to  a  stipulated  sum  payable  in  quarterly  installments  and  that 
thereafter  it  should  amount  to  another  stated  sum  payable  in  quarterly 
instalbnents,  conditioned  that  the  lessor  could  forfeit  the  lease  on 
failure  of  the  lessee  to  keep  and  perform  its  terms  and  conditions,  is 
m  fact  a  mining  lease  and  not  a  sale  of  either  land  or  coal  by  the  acre, 
nor  of  any  fixed  quantity  or  number  of  tons,  but  a  right  in  gross  to 
mine  and  remove  all  the  coal  in  the  particular  vein  described;  and  the 
stated  sum,  aside  from  the  royalty  named  and  so  much  of  the  sum 
named  as  a  consideration  as  was  in  excess  of  the  value  of  the  mining 
plant  and  the  property  connected  therewith,  must  be  regarded  as  a 
bonus  for  the  privilege  of  mining  the  coal  on  which  the  royalty  was 
to  be  paid;  and  such  a  lease  may  at  the  instance  of  the  lessor  be  can- 
celed as  a  cloud  on  the  title  on  failure  of  the  lessee  to  operate. 


Browning  v.  Boewell,  215  Fed.,  826,  p.  834. 

See  Boewell  v.  Big  Vein  Pocahontae  Coal  Co.,  217  Fed.,  822. 
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I^ASE  OF  SEPARATE  TBACJT8-7-TIME  LIMIT  TO  EACH — ENTIKE  OONTEACT. 

A  coal  lease  by  which  the  lessor  grants  to  the  lessee  the  right  to 
mine  the  coal  from  under  several  separate  tracts  and  parcels  of  land 
at  stipulated  royalties  to  be  paid  at  certain  stated  times,  the  period 
of  duration  of  the  lease  being  different  as  to  different  tracts  of  the 
land  leased,  the  lease  containing  an  obligation  on  the  part  of  the 
lessee  to  mine  the  coal  from  under  the  tract  where  the  time  limit  is 
the  least,  at  the  earliest  moment  practicable,  so  that  the  coal  may  all 
be  mined  before  the  time  lunit  expires,  is  an  entire  contract,  and 
indicates  no  purpose  or  intent  to  give  the  lessee  a  right  to  avail  him- 
self of  some  of  its  provisions  and  at  the  same  time  abandon  other 
portions  of  the  lease;  and  if  the  lessee  desires  to  avail  himself  of  the 
provisions  of  the  lease  he  must  proceed  without  unreasonable  delay 
to  mine  the  coal  from  under  the  land  where  the  time  limit  is  the  least, 
and  if  possible  to  have  the  coal  mined  from  such  land  before  the  time 
limit  expires;  and  on  the  failure  of  the  lessee  to  proceed  under  the 
lease  and  begin  to  mine  coal  until  the  time  limit  of  some  of  the  tracts 
had  expired,  this  works  a  forfeiture  of  the  entire  lease  at  the  option  of 
the  lessor. 

Ray  Coal  Mining  Oo.  v.  Ross  (Iowa),  151  Northweetem,  63,  February,  1915. 

SPECIFIC   PERFORMANCE   NOT  DECREED. 

A  court  of  equity  has  no  power  to  decree  specific  performance  of  a 
mining  lease  or  to  compel  the  lessee  to  mine  and  remove  the  coal,  nor 
can  the  court  divide  up  and  abate  in  part  an  indivisible  right  to  buy 
the  mine  or  remove  the  coal,  but  the  only  remedy  for  the  defrauded 
party  is  to  have  the  lease  canceled. 

Browning  v.  Boewell,  215  Fed.,  826,  p.  836. 

IMPLIED   SURRENDER. 

An  implied  surrender  of  a  coal  lease  docs  not  arise  from  mere  notice 
of  intention  on  the  part  of  the  lessee  not  to  pay  further  rentals  and  to 
give  up  the  lease,  and  his  failure  to  make  such  payments;  but  where 
there  is  an  abandonment  of  actual  operations  imder  a  lease,  and  the 
lessor  reenters  or  executes  another  lease,  these  circumstances  establish 
an  implied  surrender. 

Laing  v.  Price  (West  Virginia),  83  iSoutheaatern,  497,  p.  499,  October,  1914. 
COVENANT   TO   PAY  MINIMUM   RENTAL — RELIEF. 

A  covenant  in  a  coal  lease  to  pay  fixed  or  minimum  rentals  is  ordi- 
narily absolute  and  enforceable;  and  while  such  covenants  are  some- 
times relieved  against  as  in  case  of  leasing  unknown  and  imdeveloped 
territory,  or  where  there  are  terms  of  express  or  implied  warranty, 
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or  where  the  parties  are  mutually  mistaken  as  to  the  existence  of 
mineral,  yet  a  lessee  can  not  avoid  his  absolute  promise  to  pay  a 
minimum  rental  where  there  has  been  no  real  effort  on  his  part  to 
determine  whether  any  of  the  veins  of  coal  are  susceptible  of  advan- 
tageous mining,  where  no  entry  has  ever  been  driven,  no  shaft  siuik 
on  the  premises,  or  ore  taken  from  the  land,  and  where  it  appears  that 
coal  seams  actually  exist  in  the  leased  premises  at  a  thickness  of  at 
least  3  feet  and  a  very  considerable  vein  of  coal  runs  through  the 
leased  premises. 

Lainjr  p.  Price  (West  Virginia),  83  Southeastern,  497,  p.  499,  October,  1914. 
CONSTRUCTION — PAYMENT   OF   ROYALTIES. 

An  agreement  in  a  coal  lease  to  the  effect  that  the  lessee  may  con- 
tinue to  mine  the  coal  from  the  leased  premises,  paying  the  lessor  at 
the  rate  of  25  cents  per  ton  for  his  portion  of  the  coal  so  mined, 
agreeing  to  other  established  usage  and  practice,  does  not  authorize 
the  lessee  to  pay  royalty  only  on  coal  that  passed  over  a  f-inch  mesh 
and  to  appropriate  all  the  smaller  sizes  that  passed  through  such 
mesh  without  paying  any  royalty  thereon. 

GoardTruBt  Co.  v.  Delaware  A  Hudson  Co.  (Pennsvlvania),  92  Atlantic,  129,  p.  130, 
July,  1914. 

ACTION  FOB  ROYALTIES — DEFENSE. 

In  an  action  by  a  lessor  against  the  lessee  under  a  coal  lease  for 
royalties  for  coal  mined  imder  such  lease,  it  is  no  defense  to  the  action 
for  the  lessee  to  aver  that  at  the  time  of  the  execution  of  the  lease 
the  lessor  did  not  have  title  to  the  leased  premises,  in  the  absence  of 
an  allegation  of  fraud,  accident,  or  mistake  in  the  execution  of  the 
lease,  where  it  is  not  averred  that  the  lessee  had  been  evicted  from 
or  had  surrendered  the  possession  of  the  tract,  or  that  the  lessor 
warranted  the  title. 

LazaruB  v.  Lehigh  &  Wilkes-Barre  Coal  Co.  (Pennsylvania),  92  Atlantic,  121,  p.  123, 
July,  1914. 

LESSEE   MAY   COMPEL   ADJUSTMENT   OF   ROYALTIES. 

Under  a  coal  lease  executed  by  an  agent  for  heirs  where  there  is  a 
subsequent  controversy  as  to  the  persons  who  were  entitled  to 
royalties  under  the  lease,  the  lessee  may  bring  a  suit  against  all  the 
parties  daiming  any  interest  in  the  royalties  mider  the  lease,  and 
tender  or  pay  the  amount  due  from  him  under  the  lease  and  com- 
pel the  other  parties  to  detennine  their  rights  to  the  royalties  thus 
paid  or  tendered. 

Wilmer  v.  Philadelphia,  etc.,  Coal  &  Iron  Co.  (Maryland),  93  Atlantic,  157,  Janu- 
ary, 1915, 
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ROYALTY — ^RENT   AND  ROYALTY  SYNONYMOUS. 

The  word  "royalty"  as  employed  in  a  coal-mining  lease  means  a 
share  of  the  profit  reserved  by  the  owner  for  permitting  the  re- 
moval of  the  coal  and  is  in  the  nature  of  rent;  and  while  it  may  bo 
conceded  that  royalty  is  a  mere  property  rent  where  rental  is  based 
upon  the  quantity  of  coal  or  other  mineral  that  is  or  may  be  taken 
from  the  mine,  yet  it  can  not  be  doubted  that  the  terms  "rent"  and 
"royalty"  as  the  result  of  usage  and  custom  are  often  used  inter- 
changeably, and  accordingly  mining  leases  are  made  every  day  where 
the  term  "rent"  is  employed,  even  though  it  may  as  a  matter  of  fact 
assume  the  form  of  royalties. 

Saulsbeny  v.  Saulaberry  (Kentucky),  172  Southwestern,  932,  p.  933,  February, 
1915. 

RENTS. 

Rent  is  defined  as  something  given  by  way  of  compensation  to  a 
lessor  for  the  right  to  make  use  of  land  demised,  and  when  applied  to 
coal  lands  and  leases  it  means  the  profit  or  return  reserved,  payable 
periodically,  but  not  necessarily  immediately,  if  it  issues  from  period 
to  period,  during  the  whole  continuance  of  the  grantee^s  estate, 
whether  from  year  to  year,  or  from  month  to  month. 

Saulsberry  v.  Saulsberry  (Kentucky),  172  Southwestern,  932,  p.  933,  February,  1915. 
AGREEMENT  TO  MINE  COAL  AND  PAY  ROYALTY — ^EFFECT  AS  A  LEASE. 

An  agreement  to  the  eflfect  that  the  second  party  may  continue 
to  mine  the  coal  from  the  land  held  in  common  by  the  first  and 
second  parties,  paying  the  first  party  at  the  rate  of  25  cents  per  ton 
for  his  portion  of  the  coal  mined,  does  not  constitute  a  sale  of  the 
coal  in  place,  or  a  conditional  sale  of  the  coal  in  place,  but  does  create 
the  relation  of  landlord  and  tenant. 

Gerard  Trust  Co.  v.  Delaware  &  Hudson  Co.  (Pennsylvania),  92  Atlantic,  129,  p. 
130,  July,  1914. 

OIL  AND   GAS  LEASES. 
CONSTRUCTION   AND   CONSIDERATION CONTRACT   FOR   OPTION. 

An  oil  lease  by  which  the  lessee  has  the  right  to  bore  for  oil  or  pay 
a  small  quarterly  rental,  or  to  surrender  the  lease  at  any  time  upon 
the  payment  of  a  mere  nominal  sum  to  the  lessor,  is  based  on  a  mere 
nominal  consideration  and  does  not  pass  an  interest  in  the  land  and 
is  a  mere  contract  for  an  option  by  which  the  lessee  may  acquire 
an  interest  in  the  land. 

OweuB  V.  Coreicana  Petroleum  Co.  (Texas  Appeals),  169  Southwestern,  192,  p,  194, 
June,  1914. 
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CX>N8TBUGnON — ^BIGHTS   AND  DUTIES   OF  LESSEE. 

A  different  rule  is  applied  to  oil  leases  from  that  applied  to  ordinary 
leases,  and  leases  of  land  for  the  purpose  of  being  prospected  and  de- 
veloped for  oil  are  construed  most  favorable  for  the  lessor;  and  a 
lessee  under  such  a  lease,  in  order  to  maintain  his  rights,  must  begin 
within  a  reasonable  time  the  performance  of  obligations  imposed 
upon  him  by  the  lease  and  continue  in  the  performance  thereof  with 
reasonable  diligence,  as  the  discovery  and  production  of  oil  is  a 
condition  precedent  to  the  continuance  or  vesting  any  estate  in  the 
demised  premises;  and  where  the  only  real  consideration  is  pro- 
pective  royalty  to  come  from  exploration  and  development,  a  failure 
on  the  part  of  the  lessee  to  develop  the  premises  renders  the  agree- 
ment a  mere  nudum  pactum  and  works  a  forfeiture  of  the  lease. 
Such  a  lease  may  be  forfeited  at  the  option  of  the  lessor  where  the 
lessee  has  not  only  failed  to  develop  the  premises  demised,  but 
especially  so  where  he  has  leased  the  adjoining  premises  and  has 
drilled  wells  near  the  line  of  the  leased  premises  thereby  robbing  the 
lessor  of  his  due  share  of  the  underlying  oil. 

OweDs  V.  Gorsicana  Petroleum  Co.  (Texas  Appeals),  169  Southwestern,  192,  p.  198, 
June,  1914. 

JIIRISDIOTION   OP  COURT  TO  MODIFY  OR  CANCEL. 

A  county  court  of  Oklahoma  is  without  jurisdiction  to  entertain 
a  petition  of  a  lessor  in  an  oil  and  gas  lease  to  modify  and  cancel  the 
same,  where  such  lease  was  executed  by  the  former  guardian  of  the 
petitioner  on  the  order  of  a  proper  court  and  approved  by  the  Sec- 
retary of  the  Interior. 

Ozark  OU  Co.  v.  Benyhill  (Oklahoma),  143  Pacific,  173. 
INDIAX  LEASE — CONDITIONS   PRECEDENT — ^APPROVAL   BY   SECRETARY. 

Provisions  in  an  order  of  court  authorizing  a  guardian  of  an  Indian 
to  join  with  the  latter  in  the  execution  of  an  oil  and  gas  mining  lease 
on  the  allotment  of  such  Indian,  and  providing  that  the  lease  should 
be  subject  to  the  approval  of  the  Secretary  of  the  Interior  and  should 
be  executed  in  accordance  with  the  rules  and  regulations  prescribed 
by  him,  and  directing  the  guardian  to  make  a  full  report  when  the 
order  had  been  complied  with,  and  directing  that  a  stipulated  bonus 
should  be  placed  in  escrow  in  a  certain  designated  bank  until  the 
Secretary  had  approved  the  lease,  can  not  be  considered  as  idle  and 
useless  provisions,  but  they  must  be  taken  as  having  a  fixed  and  set 
purpose  understood  by  the  court  and  the  parties ;  and  the  provision 
requiring  the  approval  of  the  Secretary  of  the  Interior  was  a  condi- 
tion precedent  to  be  complied  with  in  order  to  complete  the  execu- 
tion of  the  lease  contract,  and  not  having  been  comphed  with  the 
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contract  was  not  completed  and  no  estate  vested  in  the  lessee  under 
the  lease. 

Wellflville  Oil  Co.  v.  Miller  (Oklahoma),  145  Pacific,  344,  p.  348,  December,  1914. 
BIGHTS  TO   USE  OP   SUBFACE — LOCATION   OF   WELLS. 

The  lessee  and  lessor  under  an  oil  and  gas  lease  are  both  in  posses- 
sion of  the  surface  and  each,  in  the  exercise  of  his  right  therein  and 
thereon,  is  in  duty  bound  to  have  due  regard  for  the  rights  of  the 
other;  and  the  lessee  in  exercising  his  rights  under  such  a  lease  owes 
the  duty  to  the  lessor  to  not  unnecessarily,  carelessly,  or  wantonly 
injure  him  in  the  proper  use  of  the  surface;  and  in  choosing  between 
two  locations  for  drilling  a  well  equally  available  to  him,  the  lessee 
is  boxmd  to  choose  the  one  to  do  the  least  injury  to  the  lessor,  and 
he  is  not  at  hberty  to  choose  locations  for  the  drilling  of  wells  in 
utter  disregard  of  the  rights  of  the  lessor.  Likewise  the  lessor  in  the 
use  of  the  surface  for  any  available  purposes  is  in  duty  bound  to 
exercise  reasonable  care  not  to  interfere  with,  injure,  or  annoy  the 
lessee  in  drilling  and  operating  his  oil  wells,  and  xmder  such  circum- 
stances each  is  bound  to  use  his  own  so  as  not  to  injure  the  rights  of 
the  other. 

Gillespie  v.  American  Zinc  &  Chemical  Co.  (Pennsylvania),  93  Atlantic,  272,  p.  273, 
January,  1914. 

PBIOB  BECOBDED   LEASE   AS   NOTICE. 

A  lessee  of  oil  lands  is  to  be  charged  with  notice  of  a  prior  recorded 
lease  and  proof  of  prior  oral  negotiations  as  to  what  lands  the  lessor 
was  leasing  to  the  lessee  or  how  much  land  the  lessee  thought  he  was 
leasing  is  immaterial,  as  the  rights  of  the  parties  are  to  be  determined 
by  the  lease  itself. 

Loeb  V.  Conley  (Kentucky),  169  Southwestern,  575,  p.  578,  October,  1914. 

EFFECT  OF  BECOBD. 

The  fact  that  an  oil  lease  is  void  for  want  of  mutuality  does  not 
affect  its  recordability  and  when  recorded  it  must  operate  as  notice 
to  a  subsequent  lessee. 

Loeb  V.  Conley  (Kentucky),  169  Southwestern,  575,  p.  578,  October,  1914. 
LEASE   VALID   WITHOUT  BECOBDING — TITLE   TO   OIL  AND  GAS. 

A  lease  demising  and  granting  the  oil  and  gas  and  other  minerals 
in  a  tract  of  land  for  a  term  of  years  and  for  as  much  longer  time  as 
oil  and  gas  and  other  minerals  are  found  in  paying  quantities  thereon, 
the  lessee  to  pay  the  lessor  a  stipulated  royalty  on  all  oil  and  gas 
produced,  the  lease  binding  the  lessee  to  commence  a  well  within  60 
days,  but  containing  no  obligation  requiring  the  lessee  to  prosecute 
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mining  operations  further,  does  not  transfer  the  title  to  the  oil  and 
gas  or  to  other  minerals,  and  the  lease  was  not  required  to  be  recorded 
or  listed  for  taxation  in  order  to  be  valid. 

Finch  17.  Beyer  (Sanflas),  146  Pacific,  1141,  p.  1142,  March,  1915. 

BOTALTTES. 

The  word  "royalty"  as  used  in  an  oil  and  gas  lease,  generally 
refers  to  a  share  of  the  product  or  profit  reserved  by  the  owner  for 
permitting  another  to  use  the  property. 

Saulsbeny  v.  Saulsberry  (Kentucky),  172  Southwestern,  932,  p.  933»  February,  1915. 
DEVELOPMENT   IMPLIED ^DILIGENCE   REQUIRED   IN   OPERATION. 

A  lessee  under  a  lease  for  the  production  of  oil  and  gas,  containing 
the  usual  terms  and  conditions,  must,  if  either  oil  or  gas  is  found  in 
paying  quantities,  exercise  due  and  reasonable  diUgence  in  prosecut- 
ing operations  under  the  lease  for  the  mutual  benefit  of  himself  and 
his  lessor;  and  if  he  unreasonably  fails  or  refuses  so  to  do,  damages 
therefor  may  be  recovered  against  him  in  an  appropriate  action  at 
law.  But  the  judgment  of  the  lessee  as  to  the  diligence  with  which 
and  extent  to  which  wells  should  be  drilled  imder  the  lease,  upon 
discovery  of  either  oil  or  gas  in  paying  quantities,  will  control,  if 
exercised  in  good  faith  and  not  unreasonably  or  arbitrarily  to  pro- 
mote his  own  pecuUar  benefit  to  the  manifest  prejudice  of  the  lessor; 
and  both  lessee  and  lessor  are  bound  by  that  degree  of  diligence 
which,  surrounding  circumstances  and  conditions  being  considered, 
would  reasonably  be  expected  of  operators  of  ordinary  prudence, 
experience,  and  engaged  in  the  same  business,  having  due  regard  for 
the  interests  and  advantage  of  themselves  and  their  lessors. 

Gra«  V.  Big  Creek  Development  Co.  (West  Viiginia),  84  Southeastern,  750,  p.  752, 
March,  1915. 

IMPLIED  COVENANT  TO   DEVELOP. 

In  oil  and  gas  leases  generally  there  is  an  implied  covenant  on  the 
part  of  the  lessee  to  begin  operations  within  a  reasonable  time,  and 
on  failure  to  do  so  he  will  be  presumed  to  have  abandoned  his  rights, 
and  a  court  of  equity  will  at  the  suit  of  the  lessor  cancel  the  lease  as 
constituting  a  cloud  upon  the  title. 

Horee  Creek  Coal  Land  Co.  v.  Trees  (West  Viiginia),  84  Southeastern,  376,  p.  378, 
February,  1915. 

It  is  an  implied  condition  or  covenant  of  every  lease  of  land  for  the 
production  of  oil  therefrom  that  when  the  existence  of  oil  in  paying 
quantities  is  made  apparent,  the  lessee  shall  put  down  as  many  weUs 
ad  may  be  reasonably  necessary  to  secure  the  oil  for  the  common 
advantage  of  both  the  lessor  and  the  lessee. 

Highfield  Co.  v.  Kirk  (Pennsylvania),  93  Atlantic,  815,  p.  817,  January,  1915. 
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EXCESSIVE  OPERATION   AS   A   BBEACH. 

A  plain  and  substantial  disregard  of  the  duty  of  an  oil  lessee  to 
operate  the  lease  in  such  a  manner  as  would  be  reasonably  expected 
of  operators  of  ordinary  prudence,  having  regard  to  the  interests  of 
both  the  lessor  and  lessee,  would  be  a  breach  of  the  lease;  and  the 
obligation  to  develop  premises  held  under  an  oil  lease  might  be  a 
violation  as  much  by  a  too  strenuous  as  by  a  too  dilatory  operation 
of  the  lease,  and  such  a  method  of  operating  an  oil  lease  can  not 
be  made  the  basis  of  an  equitable  right  to  compel  the  execution  of  a 
new  lease. 

WelleviUe  Oil  Co.  v,  MiUer  (Oklalioma),  145  Pacific,  344,  p.  347,  December,  1914. 
UNILATERAL  LEASE — BIGHTS   OF  LESSEE — ^FAILUBE  TO  DEVELOP. 

An  oil  lease  based  upon  a  mere  nominal  consideration,  leaving  it 
optional  with  the  lessee  to  bore  for  oil  or  to  pay  a  small  quarterly 
rental,  is  unilateral  and  void,  imless  the  lessor  accepts  the  rents  at 
the  expiration  of  each  quarterly  period  and  thereby  agrees  to  con- 
tinue the  option  for  three  months  longer;  and  the  lessee  under  such  a 
lease  has  no  right  that  can  be  enforced,  in  the  absence  of  a  showing 
that  he  had  in  good  faith  attempted  to  explore  for  oil.  Such  a  lease 
can  not  be  construed  so  as  to  enable  a  lessee  to  hold  it  merely  for  spec- 
ulative purposes  without  doing  what  he  stipulated  to  do  and  what 
was  clearly  in  contemplation  of  the  lessor  when  he  executed  the  lease. 

Owens  V.  Corsicaiia  Petroleum  Co.  (Texas  App.),  169  Southwestern,  192,  p.  Id4, 
June,  1914. 

LIABILmr  OF  LESSEE  FOR  GAS   WELLS. 

An  oil  and  gas  lease  providing  that  the  lessee  shall  deliver  to  tne 
credit  of  the  lessor  free  of  cost  in  a  pipe  line,  one-eighth  part  of  all 
the  oil  produced  and  saved  from  the  leased  premises  and  pay  $300 
per  year  for  the  gas  from  each  and  every  gas  weU  drilled  on  the 
premises,  must  be  interpreted  in  the  light  of  all  the  facts  and  cir- 
cumstances surrounding  the  parties,  their  relation  to  each  other, 
the  objects  and  purposes  of  entering  into  the  contract,  and  the  term 
''gas  well"  as  used  in  the  contract  must  be  taken  to  mean  a  gas  well, 
which,  considering  its  location  with  reference  to  any  market  for  gas,  its 
capacity  as  a  gas  producer,  that  it  can  be  profitably  operated  as  such, 
and  not  a  weU  producing  oil  in  large  quantities  and  some  gas  and 
operated  by  the  lessee  for  many  years  as  an  oil  well,  and  without 
demand  for  gas  rental  by  the  lessor;  and  the  fact  that  some  gas  is 
found  in  a  well  and  is  run  from  the  casing  head  into  a  gas  line  from 
wells  on  an  adjoining  lease  by  the  lessee,  and  the  gas  from  aU  utilized 
in  operating  the  wells  on  both  properties,  according  to  a  custom 
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prevailing  among  oil  operators;  does  not  impose  a  liability  on  the 

irkkTc* 

Prichard  v.  Freeland  Oil  Co.  (West  Viiginia),  84  Southeastern,  W5,  p.  W6,  April, 
1915. 
Locke  V.  Ruflsell  (Weat  Viiginia),  84  Southeastern,  M8,  p.  950,  April,  1915. 

PRODUCING     WEIX8 COLLECTING     GASOLINE     AS     EVIDENCE    OP    GAS. 

The  fact  that  the  lessee  of  an  oil  and  gas  lease  who  had  drilled  and 
was  operating  oil  wells,  installed  and  connected  vacuum  pumps  in 
connection  with  such  wells  for  the  purpose  of  increasing  the  produc- 
tion thereof,  and  the  further  fact  that  the  lessee  successfully  utilized 
what  was  called  or  termed  *  'vapor,"  which  was  emitted  from  the  wells 
at  the  casing  head,  and  by  process  of  distillation  and  compression 
converted  the  escaping  substance  into  gasoline  for  the  mutual  advan- 
tage and  benefit  of  the  lessee  and  lessor,  did  not  thereby  render  the 
lessee  liable  for  the  annual  rental  of  gas  wells,  under  the  terms  of  the 
lease,  as  the  mere  collecting  of  the  vapor  or  volatile  substance  and 
the  manufacture  of  gasoline  therefrom  was  no  indication  of  proof 
of  gas  in  the  wells,  and  did  not  bring  them  within  the  terms  of  the 
lease  as  producing  gas  weUs. 

Locke  V.  Runell  (West  Viiginia),  84  Southeastern,  948,  p.  949,  April,  1915. 

DAMAGES   FOR   FAILURE   TO  DEVELOP. 

A  lessor  of  oil  lands  for  the  production  of  oil  and  gas  in  an  action 
agamst  the  lessee  for  failure  to  properly  develop  the  leased  premises 
is  entitled  only  to  such  damages  as  he  sustained  by  any  failure  on 
the  part  of  the  lessee  to  exercise  an  honest  judgment  in  proceeding 
with  the  necessary  explorations  on  the  leased  lands  and  the  extraction 
of  oil  therefrom,  taking  into  consideration  the  subject  matter  of  the 
lease,  the  character  of  the  mineral  products,  the  nature  of  the  oil- 
hearing  sand,  whether  dense  or  soft  and  porous,  developments  on 
contiguous  lands,  whether  by  the  lessee  or  different  operators,  the 
cost  of  drilling,  proximity  to  market,  and  facilities  for  marketing, 
current  prices,  whether  high  or  low,  location  of  lands,  and  such  other 
conditions  attendant  on  the  operations  as  may  explain  the  necessity 
for  prompt,  or  excuse  for  delayed,  action  in  prosecuting  such  develop- 
ment. But  in  such  case  the  lessor  assumes  the  burden  of  showing, 
and  by  dear  and  convincing  proof  must,  to  avail  him,  show  by  wit- 
nesses having  experience,  skill,  and  engaged  in  similar  operations 
that  the  lessee,  having  due  regard  for  the  advantage  and  profit  of 
liiinself  and  the  lessor,  has  not,  surroimding  circumstances  and  condi- 
tions considered,  exercised  ordinary  diligence  in  conducting  such 
operations. 

Grass  v.  Big  Creek  Development  Co.  (West  Viiginia),  84  Southeastern,  750,  p.  753, 
Maich,  1916. 
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FAILURE   TO  DEVELOP — FORFEITUBE — ESTOPPEL. 

A  lessor  of  oil  lands  for  the  purpose  of  having  the  same  developed 
by  the  lessee  may,  by  permitting  the  lessee  to  expend  large  suras 
of  money  in  drilling  a  well,  waive  his  right  to  declare  a  forfeiture 
because  of  the  failure  of  the  lessee  to  develop  the  land  within  the 
time  specified  in  the  lease. 

Owens  r.  Corsicana  Petroleum  Co.  (Texas  Appeals),  169  Southwestern,  192,  p.  195, 
June,  1914. 

TERMINATION   ON   FAILURE   TO  DRILL   WELL   OF  AMOUNT. 

Where  parties  by  an  oil  lease  and  contract  fix  and  agree  upon  a 
limit  of  time  within  which  the  oil  company  may  explore  for  oil, 
and  stipulate  that  by  which  the  bringing  in  of  a  well  of  stated  daily 
production  gives  the  right  to  continue  upon  the  land  for  an  indefinite 
time,  the  parties  must  be  bound  by  the  terms  of  their  contract, 
and  the  courts  are  not  at  liberty  to  extend  or  enlarge  or  vary  the 
terms  because  of  misfortune  or  accident  of  the  oil  company  not 
provided  for  in  the  contract,  which,  without  any  fault  on  the  part 
of  the  lessor,  prevented  the  lessee,  the  oil  company,  from  successfully 
bringing  in  a  well  of  the  stipulated  daily  production;  and  under 
such  a  contract  when  the  time  limit  expires,  and  the  oil  company 
has  failed  to  produce  oil  in  the  quantities  stipulated,  the  lessor 
has  the  right  to  declare  the  lease  at  an  end. 

McLean  v.  Kishi  (Texas  Appeals),  173  Southwestern,  502,  p.  503,  January,  1915. 

ABANDONMENT. 

The  failure  of  the  lessee  of  an  oil  and  gas  lease  to  drill  more  than 
one  well  upon  the  premises  in  a  period  of  16  years,  together  with 
the  declared  intention  of  the  lessee  that  the  quantity  of  oil  in  the 
premises  and  the  cost  of  drilling  another  well  would  not  justify  further 
development,  shows  conclusively  an  abandonment  of  the  premises, 
except  sufficient  of  the  surface  to  operate  the  one  well. 

Highfield  Co.  v.  Kirk  (Pennsylvania),  93  Atlantic,  815,  p.  816,  January,  1915. 

FORFEITURE    AND    CANCELLATION — EQUITY    WILL    NOT    AID    IN     FOR- 
FEITURE. 

A  lessor  of  lands  for  oil  can  not  invoke  the  aid  of  a  court  of  equity 
to  declare  and  enforce  a  forfeiture  of  the  lease  for  a  failure  on  the 
part  of  the  lessee  to  comply  with  its  terms  and  to  produce  oil  in 
paying  quantities,  in  the  absence  of  an  allegation  or  evidence  of 
a  fraudulent  refusal  to  comply  with  the  terms  of  the  lease,  or  to 
respond  to  repeated  and  urgent  demands  for  additional  expenditui-es 
of  money  in  continuous  development,  where  the  lessee  has  paid 
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or  tendered  the  lessor  his  share  of  the  proceeds  arising  from  the 
productions  of  oil  and  gas  resulting  from  the  lessee's  activity  in 
producing  the  same,  and  where  no  oil  has  been  wasted  and  where 
it  appears  that  the  lessee  has  drilled  four  wells  at  considerable  cost, 
from  three  of  which  there  has  been  no  adequate  return  from  his 
inyestment  and  there  will  be  none  from  two  wells,  and  where  the 
leased  lands  were  located  in  a  new,  untried,  and  undeveloped  oil 
and  gas  territory,  many  miles  from  a  readily  available  market  for 
the  products,  and  where  by  an  enforced  forfeiture  gross  injustice 
would  result  to  the  lessee. 

Hone  Creek  Coal  Land  Co.  v.  Trees  (West  Virginia),  84  Southeastern,  376,  p.  377, 
February,  1915. 

TERMINATION. 

When  it  is  provided  in  an  oil  lease  that  it  is  terminable  at  the  will 
of  one  of  the  parties  it  then  becomes  terminable  at  the  will  of  either 
of  the  parties. 

Owens  V.  Corsicana  Petroleum  Co.  (Texas  Appeals),  169  Southwestern,  192,  p. 
197,  June,  1914. 

MINING  PROPERTIES. 

TAXATION. 
LEGISLATIVE  DESIGNATION  OF  PROPERTY. 

The  l^islature  of  a  State  must  determine  the  questions  of  State 
necessity,  discretion,  or  pohcy  involved  in  ordering  taxation,  and 
decides  when,  how,  and  for  what  public  purposes  taxes  shall  be  levied 
and  collected,  and  selects  the  subjects  of  such  taxation;  and  the 
statute  for  the  levying  of  taxes  should  specifically  or  otherwise 
enumerate  the  kinds  of  property  to  be  taxed,  and  the  rule  as  applied 
to  the  taxation  of  oil  and  gas  leases  and  oil-mining  property. 

Indian  Territory  niuminating  Oil  Co.,  In  re  (Oklahoma),  142  Pacific,  997,  p.  999. 
INTERESTS  IN  REAL  PROPERTY  NOT  SEVERED  FOR  TAXATION. 

The  L^islature  of  Oklahoma  has  not  selected  oil  and  gas  leases, 
as  such,  as  subjects  of  taxation,  nor  has  it  provided  for  the  severance 
of  the  various  interests  which  may  be  held  in  real  property  for  pur- 
poses of  taxation. 

Indian  Territory  Illuminating  Oil  Co.,  In  re  (Oklahoma),  142  Pacific,  997,  p.  999. 

LiABiLrrr  of  lessor  or  lessee  for  taxes. 

Where  the  statute  does  not  provide  for  the  severance,  for  the  pur- 
poses of  taxation,  and  an  oil  and  gas  lease  is  silent  upon  the  subject, 
the  obligation  to  pay  taxes  upon  the  leased  premises  devolves  upon 
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the  lessor;  but  the  lessee's  assumption  of  the  payment  of  taxes  and 
assessments  does  not  relieve  the  lessor  from  his  liability  nor  does  it 
enable  the  taxing  authorities  to  secure  a  personal  judgment  against 
the  lessee. 

Indian  Territory  Illuminating  Oil  Co.,  In  re  (Oklahoma),  142  Pacific,  997,  p.  1001. 
LBASEHOLD  NOT   "rEAL  PEOPKBTY"   WITHIN  TAXING  LAWS. 

Under  sections  7304  and  7307,  Revised  Laws  of  Oklahoma  (1910), 
real  property,  which  for  the  purpose  of  taxation  means  land  and 
buildings,  structures,  and  improvements  thereon,  and  all  rights  and 
privileges  thereto  belonging,  as  well  as  all  mines,  minerals,  quarries, 
and  trees  on  or  under  the  same,  must  be  listed  and  assessed  in  the 
name  of  the  owner  of  the  land.  A  leasehold  under  an  oil  and  gas 
lease,  being  a  chattel  real,  is  personal  property,  and  does  not  fall 
within  the  designation  of  "real  property." 

Indian  Territory  lUuminatinj?  Oil  Co.,  In  re  (Oklahoma),  142  Pacific,  997,  p.  999. 

OIL.  AND  OAS  LANDS  AND  LEASES. 

Oil  and  gas,  while  lying  in  the  strata  or  earth  from  which  they  are 
produced,  constitute  a  sort  of  subterranean  faera  natura  which,  if 
taxed  at  all,  must  be  taxed  as  real  property  to  the  owner  of  the  land 
imder  which,  for  the  time  being,  they  may  lie,  and  can  not  be  taxed 
against  the  owner  who  has  a  mere  lease  or  license  to  go  upon  the 
premises,  search  for,  and  if  found,  take  them  away;  and  this  is  the 
most  scientific  method  for  imposing  taxation  upon  this  class  of 
prpperty,  as  to  undertake  to  tax  an  oil  and  gas  lease  is  to  imdertake 
to  impose  a  tax  upon  the  illimitable  vista  of  hope.  Many  instances 
are  known  where  lessees  have  paid  thousands  of  dollars  bonus  for  a 
lease  and  have  discovered  no  oil,  and  other  instances  are  known 
where  leases  have  cost  comparatively  nothing  and  oil  has  been  found 
in  enormous  quantities.  Whether  oil  is  under  any  particular  tract 
of  land  is  beyond  the  ken  of  man  until  a  well  has  been  dnlled,  and 
even  then  no  one  can  foresee  how  long  a  well  will  last  or  what  its  pro- 
duction will  be.  Under  the  system  of  taxation  devised  by  the 
Legislature  of  Oklahoma,  the  wealth  produced  by  the  oil  industry, 
the  production  of  oil,  the  capital  invested  in  its  production,  the  oil 
on  hand,  and  the  oil  in  place,  are  taxed,  and  there  is  no  justification 
in  the  law  for  any  additional  exactions. 

Indian  Territory  Illuminating  Oil  Co.,  In  re  (Oklahoma),  142  Pacific,  997,  p.  1001. 

MINING   CLAIMS   SUBJECT  TO  TAXATION. 

The  Montana  statute  for  the  taxation  of  Tnining  property  is  not  an 
exemption  provision,  but  a  revenue  measure  apportioning  to  the 
owners  of  mining  claims  what  the  legislature  deemed  to  be  their  just 
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proportion  of  the  public  burden,  and  before  the  additional  burden 
can  be  imposed,  the  taxing  authorities  must  ascertain  that  the  con- 
ditions authoriziDg  its  imposition  in  fact  exist. 

Barnard  Realty  Co.  v.  City  of  Butte  (Montana),  145  Pacific,  946,  p.  948,  January, 
1915. 

MINING  CLAIM   WITHIN   CITY  LIMITS. 

The  fact  that  mining  property  is  located  within  the  limits  of  a  city 
and  has  been  platted  for  the  purpose  of  putting  the  lots  upon  the 
market  for  sale  and  selling  them  as  there  was  demand  and  was 
thereby  given  an  independent  value  for  town-site  purposes,  as  other 
lands  within  the  city  limits,  is  not  sufficient  to  make  it  subject  to 
special  taxation  under  the  constitution  of  Montana  in  the  absence 
of  proof  of  an  intent  on  the  part  of  the  owner  to  use  it  for  a  purpose 
other  than  mining. 

Barnard  Realty  Co.  r.  City  of  Butte  (Montana),  145  Pacific,  946,  p.  948,  January, 
1915. 

INDEPENDENT  USE  OF   MINING  CLADf. 

The  constitution  of  Montana,  providing  that  mines,  after  purchase 
from  the  United  States,  shall  be  taxed  at  the  price  paid  the  United 
States  therefor,  unless  the  surface  ground  is  used  for  other  mining 
purposes  and  has  a  separate  and  independent  value,  in  which  case  it 
shall  be  taxed  at  its  value  for  such  other  purposes,  intended  to  bring 
into  the  class  of  taxable  property  mines  and  mining  claims  and  to 
provide  a  method  by  which  the  owners  of  them  might  be  compelled 
to  bear  their  equitable  portion  of  the  expenses  of  the  government. 
So  long  as  a  mining  claim  is  used  and  held  exclusively  for  mining  pur- 
poses, the  owner  is  not  required  to  bear  any  other  burden.  When  the 
property  has,  by  reason  of  its  location,  acquired  a  value  for  some 
independent  use  and  is  devoted  by  the  owner  to  such  use,  it  then 
becomes  at  once  subject  to  taxation  at  that  value,  to  be  ascertained 
by  the  assessing  officer.  By  devoting  it  to  this  new  use  the  owner 
thereby  creates  an  estate  which,  in  the  eye  of  the  law,  is  regarded  as 
independent  of  the  original  estate  and  is  subject  to  taxation. 

Banuuti  Kealty  Co.  v.  City  of  Butte  (Montana),  145  Pacific,  946,  p.  947,  January, 
1916. 

COAL  MINED   FROM   INDIAN    LANDS — PRIVH^EQE   TAX. 

The  statute  of  Oklahoma  providing  for  the  levying  and  collection 
of  a  gross  revenue  tax  from  persons  and  corporations  engaged  in 
mining  and  requiring  such  persons  to  file  with  the  State  auditor  a 
statement  showing  the  amount  and  kind  of  mineral  mined  and 
requiring  the  payment  thereon  of  a  gross  revenue  tax,  does  not 
authorize  the  State  of  Oklahoma  to  levy  such  gross  revenue  tax  on 
coal  mined  from  the  lands  of  the  Choctaw  and  Chickasaw  Indians  by 
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a  lessee  of  such  lands,  as  the  agreement  with  the  Indians  imposes 
upon  the  United  States  a  definite  duty  in  respect  to  opening  and 
operating  the  coal  mines  upon  their  lands,  and  the  agency  selected 
by  the  United  States  for  that  purpose  can  not  be  subjected  to  an  occu- 
pation or  privilege  tax  by  the  State  of  Oklahoma. 

Choctaw  &  Gulf  Railroad  Co.  v.  HarriBon,  235  U.  S.,  292,  p.  2»8. 

COAL   MINED   FROM   INDIAN   LANDS — GROSS    REVENUE   TAX. 

The  agreement  between  the  United  States  and  the  Choctaw  and 
Chickasaw  Indians,  ratified  and  confirmed  by  Congress  June  28,  1898 
(30  Stat.,  495,  p.  510),  providing  that  their  coal  should  remain  com- 
mon property  of  the  members  of  the  tribe  and  that  revenue  derived 
therefrom  should  be  used  in  the  education  of  the  Indian  children,  and 
that  the  mines  thereon  should  be  under  the  supervision  and  control  of 
two  trustees  appointed  by  the  President,  and  that  all  such  mines  should 
be  operated  and  royalties  of  15  cents  per  ton  paid  into  the  Treasury 
of  the  United  States,  giving  the  Secretary  of  the  Interior  power  to 
select  agencies  for  carrying  out  the  agreement  and  authorizes  a  lease 
to  a  railroad  company  of  the  Indian  coal  lands,  and  coal  mined  from 
mines  belonging  to  such  Indians  is  not  subject  to  a  gross  revenue  tax. 

Choctaw  &  Gulf  Railroad  Co.  v.  Harrison,  235  U.  S.,  292,  p.  296. 

TAXATION   OF  OIL   IN  TRANSn. 

The  statute  of  Tennessee  providing  that  persons  having  oil  depots, 
storage  tanks,  or  warehouses,  for  the  purpose  of  selling,  deUvering,  or 
distributing  oil,  and  using  a  railroad  car  or  railroad  depots  for  such 
purpose,  shall  pay  a  privilege  tax  on  such  oil,  does  not  authorize  the 
imposition  of  such  privilege  tax  on  an  oil  company  shipping  a  tank 
car  of  oil  from  its  refinery  in  one  State  and  a  carload  of  barrels  from 
another  State  to  itself  in  a  third  and  different  State  for  the  purpose  of 
filling  orders  taken  by  its  salesmen,  and  where  the  barrels  were  filled 
from  such  tank  car  without  storage  of  the  oil  in  a  depot  or  warehouse 
where  in  some  instances  a  few  barrels  of  oil  were  temporarily  left  for 
customers  at  the  side  of  the  railroad  track. 

Western  Oil  Refining  Co.  v.  Dalton  (Tennessee),  174  Southwestern,  1138,  p.  1139, 
April,  1915. 

ROYALTIES   NOT   INCOME. 

A  mining  lease  granting  to  the  lessee  the  absolute  and  exclusive 
right  to  take  out  and  have  aU  the  ore  in  the  land  and  to  remove  it  at 
any  time  within  25  to  50  years,  a  time  sufficient  to  enable  him  to 
remove  all  the  ore,  being  equivalent  to  an  imlimited  time,  the  lessee 
agreeing  to  pay  yearly  ficxed  amoimts  per  ton  for  all  the  ore  taken, 
and  to  pay  a  stipulated  minimum  amount  annually  whether  ore  was 


DECISIONS  ON   MINES  AND  MINING.  125 

mined  or  not,  is  in  effect  a  grant  of  a  part  of  the  corpus  of  the  property, 
and  the  lessees  become  the  owners  of  the  ore  and  the  lessors  the 
owners  of  the  claims  and  of  the  right  to  collect  the  amounts  the  lessees 
covenanted  to  pay  for  the  ores  and  the  transactions  are  in  effect  sales 
of  the  ore  for  covenants  to  pay  the  purchase  price  thereof  and  such  a 
lease  is  in  reality  a  sale  of  the  ore  and  the  royidties  reserved  are  in  fact 
the  purchase  price  of  the  ore;  and  the  amounts  paid  under  the  name 
of  royalties  for  the  ore  taken  can  not  be  called  or  classed  as  income, 
but  must  be  regarded  as  parts  of  the  capital  of  the  corporation,  as  the 
lease  merely  changed  the  form  of  the  property  of  the  lessor  from  the 
ores  to  the  royalties  and  claims  to  the  purchase  price  of  such  ore, 
which  the  lessee  covenanted  to  and  did  pay  under  the  name  of  royal- 
ties, and  such  simis  are  not  subject  to  the  United  States  corporation 
tax  act  (36  Stat.,  111). 

Von  Baumbach  v.  Sargent  Land  Co.,  219  Fed.,  31,  p.  37. 

STATE    board's   POWER  TO    REASSESS. 

The  Legislature  of  Oklahoma  may  provide  for  a  reassessment  of 
property  of  public-service  corporations  which  has  been  assessed  at  less 
than  its  fair  value,  but  in  the  absence  of  any  such  provision  the  State 
board  of  equalization  has  no  power  to  do  so ;  and  where  the  State  board 
has  assessed  property  of  all  pubhc-service  corporations  and  has  equal- 
ized the  various  county  assessments  and  computed  the  amoimt  of  the 
State  levy  and  caused  the  same  to  be  certified  to  the  several  county 
clerks,  it  is  then  without  jurisdiction  or  authority  to  reconvene  and 
reassess  such  property,  and  prohibition  will  lie  and  is  the  proper 
remedy  to  restrain  the  State  board  from  so  doing. 

Prairie  Oil  &  Gas  Co.  v.  Cruce  (Oklahoma),  147  Pacific,  152,  March,  1915. 

TRESPASS. 

PROPERTY  DESTROYED  BY  BURNING  OIL. 

An  oil-operating  company  that  stored  its  oil  in  tanks  and  there- 
after negligently  allowed  live  crude  petroleum  oil  to  escape  from  its 
tanks  and  premises,  flow  down  through  a  ditch  and  to,  against,  and 
around  a  dredge,  the  property  of  another,  weU  knowing  that  such  oil 
was  liable  to  be  ignited  and  damage  or  destroy  such  property,  and 
Diligently  failed  to  warn  the  owner  of  the  property  or  his  servants 
in  charge  of  the  dredge  that  the  oil  from  the  tanks  had  escaped,  and 
that  it  was  live  and  inflammable  oil,  different  from  dead  oil  that  had 
previously  flowed  down  and  aroimd  such  dredge,  and  where  the  oil 
was  accidentally  ignited  by  fire  from  the  dredge  and  the  dredge  was 
destroyed,  is  liable  for  damages  for  the  loss  of  the  dredge  by  fire, 
though  the  oil  was  accidentally  ignited  by  fire  from  the  dredge,  as  the 
negligent  act  of  the  corporation  in  permitting  the  oil  to  escape  and 
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flow  down  off  of  its  premises  around  the  dredge,  must  be  regarded  as 
the  proximate  cause;  and  the  accidental  firing  of  the  oil  is  not  an 
independent  agency  that  could  not  reasonably  have  been  anticipated, 
but  it  was  an  occurrence  that  should  have  been  reasonably  expected 
in  the  course  of  events  and  according  to  common  experience  in  han- 
dling such  oil  and  therefore  it  did  not  break  the  chain  of  causation 
extending  from  the  original  wrongful  act  and  negligence  of  the  oil 
operator. 

Rock  Oil  Co.  V.  Brumbaugh  (Indiana  Appeals),  108  Northeastern,  260,  p.  263, 
March,  1915. 

See  Commercial  Union  Assurance  Co.  v.  Gulf  Refining  Co.  (Texas  Civil  Appeals), 
174  Southwestern,  874,  March,  1915. 

CONVERSION — MEASURE  OF  DAMAGES. 

In  an  action  for  trespass  upon  metalliferous  veins,  where  the  tres- 
passer has  mined,  milled,  and  sold  the  finished  or  enhanced  product, 
the  conversion  takes  place  when  he  applies  the  proceeds  to  his  own 
use,  and  the  measure  of  damages  is  the  enhanced  value  or  gross  pro- 
ceeds realized  from  the  ore  without  deductions  of  any  value  the  tres- 
passer may  have  bestowed  upon  the  ore  by  his  labor. 

Liberty  Bell  Gold  Mining  Co.  v.  Moorhead  Mining  &  Milling  Co.  (Colorado),  145 
Pacific,  686,  p.  688,  January,  1914. 

INNOCENT   TRESPASS — MEASITRE   OF   DAMAGES. 

In  an  action  for  damages  for  an  innocent  trespass  by  mining  and 
miUing  metalliferous  ores,  where  the  trespasser  sold  the  finished 
product  and  apphed  the  proceeds  to  his  own  use,  the  owner  should 
recover  for  his  actual  loss  as  his  damages  are  compensatory  only;  and 
in  such  case  the  measure  of  damages  is  the  gross  value  of  the  ore  in 
place  before  it  was  disturbed,  and  such  damages  may  be  ascertained 
by  deducting  from  the  enhanced  value  or  gross  proceeds  the  cost  of 
making  the  product  at  the  time  of  conversion. 

Liberty  Bell  Gold  Mining  Co.  v.  Moorhead  Mining  &  Milling  Co.  (Colorado),  145 
Pacific,  686,  p.  688,  January,  1915. 

PBOPBBTY  HELD  IN  TBTTST. 

LEVY   AND   SALE   ON   EXECUTION. 

Mining  property  is  subject  to  levy  and  sale  on  execution  on  judg- 
ment against  a  mining  company,  though  the  property  had  been  con- 
veyed by  a  deed  of  trust  by  the  mining  company  to  trustees  named, 
but  the  trust  created  by  the  deed  was  not  defined,  no  powers  of  the 
trustees  were  enumerated,  and  no  beneficiary  was  named,  and  the 
conditions  imposed  upon  the  mining  company  had  never  been  per- 
formed. 

Ohia<&  Colorado  Smelting  &  Kefining  Co.  v.  Barr  (Colorado),  144  Pacific,  552.  p.  553, 
December,  1914. 
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MONEY   BEGEIYED  FOB  STOLEN  OBE  BY  MINEB. 

A  miner  employed  by  a  gold-miniiig  company  as  a  foreman  and 
placed  in  charge  of  its  sluice  boxes,  gold  dust,  and  nuggets  bears  a 
trust  relation  to  the  mining  company  with  respect  to  the  property  in 
'  his  charge  and  with  respect  to  the  gold  dust  and  nuggets  in  the  flumes 
and  sluice  boxes  within  his  charge,  and  the  mining  company  may 
impress  a  trust  upon  the  money  in  the  possession  of  a  bank  or  in  the 
custody  of  the  officer  of  a  court,  received  by  such  miner  for  gold  dust 
and  nuggets  secreted,  appropriated,  and  stolen  by  him  while  acting  as 
such  foreman  for  the  mining  company  and  subsequently  sold  by  him 
and  for  which  he  received  the  money  on  which  the  trust  was  sought 
to  be  impressed. 

Pioneer  Mining  Co.  v.  Tyberg,  215  Fed.,  501,  p.  502. 

CONTBACTS  OF   SALE. 
DAMAGES  FOR   BBEACH   OF   CONTRACT  FOR  SALE  OP   COAL. 

The  breach  of  a  contract  by  which  a  coal-mining  company  agreed 
to  sell  and  deliver  to  the  purchaser  certain  stated  carloads  of  coal 
each  day  for  a  certain  length  of  time  to  be  delivered  at  a  stated  place 
pyes  the  purchaser  the  right  to  go  into  the  market  and  purchase 
other  coal  to  supply  the  place  of  that  which  he  failed  to  receive  imder 
the  contract,  and  the  measure  of  damages  to  which  he  is  entitled  in 
an  action  for  the  breach  is  the  difference  between  the  contract  price 
and  the  market  price  of  coal  of  similar  kind  and  character  at  the  time 
and  place  of  delivery,  and  he  would  not  be  entitled  to  recover  any- 
thing for  the  profits  he  might  have  made  by  a  resale,  because,  having 
purchased  coal  of  a  similar  kind  and  character  to  substitute  for  that 
which  he  failed  to  receive  under  the  contract,  he  acquires  the  profits, 
upon  a  resale  of  the  coal  bought  by  him  and  substituted  for  the  coal 
which  he  failed  to  receive  under  his  contract.  But  if  he  made  a  rea- 
sonable and  diligent  effort  to  obtain  other  coal  of  similar  kind  and 
character  to  supply  the  place  of  that  he  failed  to  receive  under  his 
contract,  the  damages  to  which  he  would  then  be  entitled  would  be 
the  profits  which  he  could  have  realized  from  a  resale  of  the  coal.  On 
the  other  hand,  if ,  on  the  breach  of  the  contract  by  the  seller,  the  pur- 
chaser made  no  effort  to  buy  other  coal  of  similar  kind  and  character 
to  supply  the  place  of  that  he  failed  to  receive  under  his  contract, 
then  the  purchaser  could  recover  no  damages  either  for  profits  or 
otherwise  for  the  seller's  failure  to  deliver  the  coal  according  to  the 
contract. 

Log  Mountain  Coal  Co.  v.  White  Oak  Coal  Co.  (Kentucky),  174  Southwestern,  721, 
Mani,  1915. 
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CONDITIONAL  SALE  OF  MINING  MACHINERY — APRIORITY  OF  LIENS. 

The  vendor  of  mining  machinery  sold  on  condition  that  the  title 
thereto  should  remain  in  him  until  the  purchase  price  was  fully  paid, 
has  a  right  and  title  thereto  superior  to  the  lien  of  a  lessor,  where  the 
mining  machinery  was  placed  in  and  upon  a  leased  mine  for  the  pxir- 
pose  of  its  operation,  but  not  intimately  embodied  in  other  property 
of  the  lessee,  though  the  original  contract  of  sale  was  not  recorded. 

Jeffrey  Manufacturing  Co.  r.  Mound  Coal  Co.,  215  Fed.,  222,  p.  225. 

BINDINO    EFFECT    OF    CONTRACT    OF    PURCHASE — ^RIGHTS    TO    SECRET 

PROFITS. 

Persons  joining  in  a  contract  for  the  purchase  of  certain  mines  and 
mining  properties  by  which  they  contracted  for  designated  portions 
of  an  equity  particularly  described  in  the  contract  can  not  be  relieved 
from  liability,  nor  recover  a  portion  of  secret  profits  alleged  to  have 
been  realized  by  another  joint  contractor  in  connection  with  the  sale 
of  the  mines  and  the  mining  property  to  a  corporation,  where  the 
complaining  parties  received  the  precise  thing  for  which  they  con- 
tracted and  where  the  alleged  agreement  by  which  the  party  com- 
plained of  received  the  alleged  secret  profits,  neither  decreased  nor 
increased  the  value  of  the  equity  described  in  the  original  contract, 
and  did  not  in  any  manner  affect  the  interest  of  the  complaining 
parties,  and  where  no  fraud  or  misrepresentation  of  the  value  of  the 
property  was  relied  upon. 

Ringolsky  v.  Maud  L.  Mining  Co.  (Missouri),  171  Southwestern,  56,  p.  60,  Decem- 
ber, 1914. 

STATT7TOBT  LIEKS. 
COAL  MINE — NATURE  OF  DEVELOPMENT  WORK. 

Labor  performed  in  mining  coal  in  the  regular  course  of  operating 
a  mine  is  not  performed  in  the  making  of  any  improvement  within  the 
meaning  of  the  statute  of  Colorado  providmg  for  mechanics'  liens  on 
mines,  and  such  labor  can  not  be  made  the  basis  of  a  mechanic's  or 
miner's  lien. 

Expire  Coal  Co.  v.  Rosa  (Colorado),  142  Pacific,  192,  p.  193. 

VERIFICATION   OP   STATEMENT  FOR  LIEN. 

The  statute  of  Oregon  requires  that  the  statement  for  a  miner's 
lien  shall  be  verified  by  the  oath  of  the  claimant,  or  some  other  person 
having  knowledge  of  the  fact,  and  it  is  suflBlcient  for  an  agent  to  state 
in  the  verification  that  he  has  personal  knowledge  of  all  the  facts  set 
forth  in  the  lien  and  knows  the  facts  therein  set  forth  to  be  true,  and 
that  the  statement  is  true  and  correct  and  that  the  sums  therein 
named  are  due  the  claimant  as  therein  stated. 

Loud  V.  Gold  Ray  Realty  Co.  (Oregon),  142  Pacific,  785,  p.  787. 
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LESSEE  NOT  A   CONTBACTOR. 

A  lease  of  a  coal  mine  in  the  usual  form  for  the  demise  of  real  estate 
contidning  provisions  for  mining  and  selling  coal  and  paying  rent  in 
the  nature  of  royalty  is  not  a  contract,  nor  does  it  create  such  a  rela- 
tion between  the  lessor  and  lessee  that  the  latter  becomes  a  contractor 
wi^iin  the  meaning  of  the  mechanics'  lien  law  of  Colorado,  as  under 
this  law  a  mechanic's  lien  will  not  attach  to  the  interests  of  the  owner 
of  a  mine  for  labor  done  in  working  or  developing  the  mine  where  the 
work  is  done  at  the  instance  of  or  under  contract  with  one  whose  only 
interest  is  that  of  a  lessee. 

Empire  Coal  Co.  v.  Roea  (Colorado),  142  Pacific,  192,  p.  193. 

miner's   right  to   ASSIGN   LIEN. 

After  the  lien  of  a  miner  has  been  perfected  by  the  filing  and  record- 
ing of  a  proper  claim  of  lien,  it  may  be  assigned';  but  under  the  laws 
of  Oregon,  if  a  miner  has  a  right  to  perfect  a  lien  and  he  assigns  his 
debt  or  claim  to  another,  his  assignee  takes  title  to  the  debt  but  has 
no  right  to  perfect  the  lien. 

Loud  V.  Gold  Kay  Realty  Co.  (Oregon),  142  Pacific,  785,  p.  786. 

MINEBS   WORKING   FOR   LESSEE — LIENS. 

Section  4025  of  the  Revised  Statutes  of  1908  (Colorado)  makes 
every  contractor,  architect,  engineer,  subcontractor,  builder,  agent, 
or  other  person  having  charge  of  the  construction,  alteration,  or 
repair,  either  in  whole  or  in  part,  of  any  building  or  other  improve- 
ment upon  or  in  connection  with  a  mine  or  its  operation,  the  agent 
of  the  owner  of  the  mine  for  the  purposes  of  mechanics'  hens,  but 
this  does  not  apply  or  include  a  lessee  under  an  ordinary  lease  for 
operating  the  mine  and  does  not  authorize  mechanics'  hens  by 
miners  employed  and  working  for  a  lessee  in  the  development  and 
operation  of  a  mine  under  a  lease. 

Empire  Coal  Co.  v,  Roea  (Colorado),  142  Pacific,  192,  p.  193. 

RIGHT  OF  MINER  TO  LIEN  ON  LEASED  PROPERTY. 

The  statute  of  Colorado  provides  that  mechanics,  materialmen, 
contractors,  and  all  persons  of  every  class  performing  labor  upon  or 
furnishing  materials  to  be  used  in  the  construction,  alteration,  or 
repair  of  any  building,  tunnel,  or  other  improvement  upon  land  shall 
have  a  lien  upon  the  property  for  the  value  of  such  services  rendered 
or  labor  done,  whether  at  the  instance  of  the  owner  or  of  any  other 
person  acting  by  his  authority  or  imder  him  as  agent,  contractor,  or 
otherwise;  but  this  statute  does  not  give  a  Uen  to  persons  employed 
by  a  lessee  operating  a  mine  under  a  lease  at  a  stipulated  rent  in  the 
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nature  of  royalty,  and  where  the  work  for  which  the  lien  was 
claimed  was  done  in  the  ordinary  development  work  under  the  lease 
in  order  to  extract  the  ore. 

Grimm  v,  Yates  (Colorado),  145  Pacific,  696,  p.  697,  January,  1915. 

NOTICE  BY  LESSOR  NOT  REQUIRED  TO  PROTECT  TITLE. 

The  owner  of  a  mine  who  leases  it  to  be  operated  under  the  terms 
of  the  lease  by  the  lessee,  where  none  of  the  work  performed  by  the 
lessee  was  authorized  by  the  lease  itself  but  only  contemplated  as  a 
part  of  the  operation  of  the  mine,  is  not  required  to  give  the  notice 
provided  for  in  the  statute  of  Colorado  in  order  to  protect  his  title 
and  the  property  in  the  mine  from  mechanics'  and  miners'  hens 
authorized  by  the  statute. 

Grimm  v.  Yates  (Colorado),  145  Pacific,  696,  p.  698,  January,  1915. 
MINERS  EMPLOYED  BY  LESSEE — FAILURE  OP  OWNER  TO  GIVE  NOTICE. 

Miners  performing  services  and  persons  furnishing  supphes  for  the 
mine  at  the  request  of  the  lessee  have  a  right  to  perfect  and  hold 
liens  upon  a  mine  for  such  labor  or  suppUes  unless  the  owner  of  the 
mine  has  posted  at  not  less  than  three  conspicuous  places  upon  the 
mine,  at  or  near  the  place  where  the  same  was  worked,  a  signed 
written  notice,  stating  the  name  of  the  lessee  or  contractor,  and  that 
the  owner  will  not  be  responsible  for  any  debts  contracted  by  the 
lessee  or  contractor  in  connection  with  the  operation  of  the  mine. 

Loud  V.  Gold  Ray  Realty  Co.  (Or^on),  142  Pacific,  785,  p.  787. 

ENFORCING  LIENS — ^FAILURE  TO  GIVE   NOTICE — ^PLEADING. 

Section  1149,  Remington  and  BaUinger  Code  of  the  State  of  Wash- 
ington, gives  every  person  performing  labor  for  a  person  or  corpora- 
tion in  the  operation  of  any  mining  or  manufacturing  company  a  lien 
on  the  real  and  personal  property  of  such  person  or  corporation  in 
the  operation  of  its  business,  and  in  an  action  to  foreclose  a  hen  on 
mining  machinery  the  mine  operator  can  not  after  judgment  and  on 
appeal  raise  the  objection  or  take  advantage  of  the  failure  of  the 
lienor  to  serve  the  statutory  copy  of  notice  of  Hen  upon  him,  as  such  a 
question  must  be  raised  in  the  trial  court,  and  defects  in  pleadings 
that  might  have  been  cured  by  amendment  will  not  be  considered 
after  verdict. 

Cook  V.  Snyder  (Waflhington),  146  Pacific,  156,  p.  157,  February,  1915. 
OPTION  AGREEMENT  TO  PURCHASE  MINE — BRIGHT  OF  MINERS  TO  LIEN. 

Section  2904  of  the  Revised  Statutes  of  Arizona,  1901,  provides 
that  all  miners  who  may  labor  upon  any  mine  or  mining  claim  shall 
have  a  lien  upon  the  same  for  any  amount  due  them;  and  the  amend- 
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mcnt  to  this  section,  as  incorporated  in  section  3654  of  the  Civil  Code 
of  1913,  provides  that  miners  who  labor  in  or  upon  any  mine  or 
mining  claim  shall  have  a  lien  for  the  sum  due  and  that  such  lien 
shall  attach  to  the  mine  or  mining  claim  under  either  of  the  following 
conditions:  (1)  By  virtue  of  a  contract  between  the  miner  and  the 
owner  of  the  mining  claim  or  his  agent;  (2)  by  virtue  of  a  contract 
between  the  miner  and  the  lessee  of  any  such  mine  or  his  agent 
where  by  the  terms  of  the  lease  the  lessor  permits  the  lessee  to  de- 
velop or  work  the  mine;  and  (3)  where  by  virtue  of  a  contract 
between  the  miner  and  any  person  or  corporation  having  an  option 
to  buy  or  contract  to  purchase  the  mine,  where  such  option  contract 
permits  the  purchaser  to  work  or  develop  the  same;  but  these 
statutes  do  not  authorize  a  miner  performing  labor  upon  a  mine  for 
a  purchaser  under  an  option  agreement  to  purchase  the  same,  to 
enforce  his  lien  against  the  mining  property,  though  such  o{)tion 
contract  to  purchase  the  mine  permitted  him  to  enter  on  and  develop 
the  property,  where  such  option  contract  was  given  before  the 
amended  act  was  passed,  as  such  option  contract  does  not  make  the 
purchaser  an  agent  of  the  owner. 

Foltz  V.  Noon  (Arizona),  146  Pacific,  510,  Febniary,  1915. 

Oceanic  Gold  Mining  Co.  v.  Steinfeld  (Arizona),  147  Pacific,  717,  April,  1915. 

ENFORCING   LIEN   AGAINST   PROPERTY   OF   LESSORS. 

Miners  employed  by  the  lessee  of  a  mine  who  operates  the  same 
and  who  holds  the  optional  agreement  to  pm*chase  the  machinery  and 
equipment  which,  with  the  mine,  was  leased  for  its  operation,  may 
enforce  their  lien  against  the  leasehold  interest  of  the  lessee  and 
against  the  machinery  so  held  by  the  lessee  under  his  option  to 
purchase,  though  he  never  exercised  such  option  and  never  became 
the  absolute  owner  of  the  machinery  and  personal  property,  where 
the  lessor  failed  to  have  such  option  agreement  recorded  within  10 
days  after  the  change  of  the  possession  of  the  property  as  required 
by  the  statute  of  Washington,  as  in  such  case  the  sale  must  be 
treated  as  absolute  as  to  the  liens  of  the  miners,  who  were  subsequent 
creditors  in  good  faith. 

Cooku.  Snyder  (Washington),  146  Pacific,  156,  p.  157,  February,  1915. 
RETROACTIVE    EFFECT    OF    STATUTE — LESSEE   NOT   AGENT    OF    LESSOR. 

The  right  of  a  miner  to  a  lien  upon  a  mine  or  mining  claim  for 
labor  done  or  material  furnished  imder  the  statute  of  Arizona  must 
be  tested  by  the  statute  existing  at  the  time  the  labor  was  performed 
or  the  materials  furnished;  and  if  the  labor  was  performed  or  the 
materials  furnished  before  the  amended  act  of  December,  1912,  then 
the  right  to  the  lien  must  be  found  as  the  statute  existed  before  that 
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date,  as  the  amendatory  act  can  not  have  a  retroactive  operation, 
as  such  an  application  of  the  amendatory  act  would  be  a  substantial 
interference  with  the  obligation  of  the  contract  itself;  and  prior  to  the 
amendatory  act  the  mere  fact  of  the  existence  of  the  contract  to 
purchase  or  an  option  to  buy  a  mining  claim,  by  the  tenns  of  which 
the  purchaser  wos  permitted  to  enter  upon,  work  and  develop  the 
mine,  with  no  additional  powers  over  the  property,  would  not  con- 
stitute the  proposed  purchaser  the  agent  of  the  owner,  and  would 
not  make  the  mine  or  mining  property  subject  to  the  hen  of  miners 
who  were  employed  by  the  person  holding  the  contract  or  option  to 
purchase. 

Foltz  V.  Noon  (Arizona),  146  Pacific,  510,  February,  1915. 

Oceanic  Gold  Mining  Co.  v.  Steinfeld  (Arizona),  147  Pacific,  717,  p.  718,  April,  1915. 

DAMAGES  FOR  INJURIES  TO  MINERS. 

ELEMENTS  OF  DAMAGES. 

DOUBLE   DAMAGES   NOT   AUTHORIZED, 

In  an  action  by  a  miner  for  damages  for  injuries  caused  by  the 
negligence  of  a  mine  operator,  a  miner  is  not  entitled  to  recover  for 
the  loss  of  time  occasioned  by  the  injury  and  for  impairment  of  his 
power  to  earn  money  during  the  same  period  of  time,  as  this  would 
be  authorizing  a  recovery  of  double  damages. 

Main  Jellico  Mountain  Coal  Co.  v.  Young  (Kentucky),  169  Southwestern,  841,  p.  842, 
October,  1914. 

ALLEGATIONS   AS   TO   LOSS   OF   TIME. 

In  an  action  by  a  miner  for  injuries  caused  by  a  fal^  of  slate  from 
the  roof  where  the  petition  alleged  that  the  slate  ci\t  oflF  the  plainfiflf's 
thumb,  injured  his  shoulder,  caused  him  great  pain  and  physical 
suffering,  and  partially  destroyed  his  power  to  earn  money,  and  that 
the  m juries  are  permanent  in  character,  a  recovery  for  time  lost  by 
the  injured  miner  is  not  justified,  in  the  absence  of  any  claim  or  plea 
therefor  in  his  petition. 

Main  Jellico  Mountain  Coal  Co.  v.  Young  (Kentucky),  169  Southwestern,  841,  p.  842, 
October,  1914., 

WRONGFUL  DEATH   OF   CHILD — AGGRAVATING   CIRCUMSTANCES. 

In  an  action  by  a  parent  for  the  wrongful  death  of  a  minor  son 
caused  by  the  alleged  negUgence  of  a  smelting  and  refining  company 
an  instruction  is  erroneous  which  ignores  and  makes  no  mention  of 
the  circumstances,  whether  aggravating  or  mitigating,  under  which 
the  killing  took  place,  and  leaves  to  the  jury  as  a  simple  question  of 
dollars  and  cents  to  say  by  what  amount  the  parent  has  suffered  actual 
pecuniary  loss  in  the  death  of  a  child,  as  such  a  construction  makes 
the  provision  of   the  statute  wholly  meaningless  and  inoperative 
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which  provides  that  damages  shall  be  assessed  "having  regard  to  the 
mitigating  or  aggravating  circumstances  attending  such  wroxigful  act, 
neglect,  or  default;"  and  under  this  provision  the  jury  are  not  re- 
stricted to  such  damages  as  are  the  necessary  and  inevitable  result 
of  the  injuries  sustained,  and  are  free  also  to  consider,  in  making  up 
their  verdict,  the  circumstances  attendant  on  the  wrongful  act, 
neglect,  or  default,  which  gave  rise  to  the  injury  complained  of. 

Dalton  V.  St.  Louis  Smelting  &  Refining  Co.  (Mieeouri  Appeals),  174  Southwestern, 
468.  p.  471,  March,  1915. 

DEATH  OF  HUSBAND MEASUBE  OF  RECOVERY. 

La  an  action  by  a  widow  for  damages  for  the  wrongful  death  of  her 
deceased  husband,  it  is  proper  for  a  court  to  instruct  the  jury  to  the 
effect  that  the  measure  of  damages  is  the  detriment  which  the  widow 
proximately  sustained  by  reason  of  the  death  of  the  husband,  and  in 
assessing  the  damages  it  is  the  duty  of  the  jury  to  consider  the  age  of 
the  deceased,  the  number  of  years  he  might  have  reasonably  and 
probably  been  expected  to  perform  manual  labor,  his  contribution  to 
and  support  of  the  plaintiff  and  his  infant  children,  and  all  the  cir- 
cumstances and  conditions  surrounding  their  relations,  and  the  likeli- 
hood and  probability  of  the  deceased  to  contribute  to  the  maintenance 
and  support  of  the  plaintiff,  and  to  fix  compensation  for  the  injuries 
shown  to  have  been  inflicted  on  the  plaintiff  by  reason  of  the  death 
of  the  deceased;  and  such  a  construction  is  not  open  to  the  charge  of 
error  in  failing  to  limit  the  plaintiff's  recovery  and  pecuniary  damages. 

Great  Western  Coal  &  Coke  Co.  v.  Coffman  (Oklahoma),  143  Pacific,  30,  p.  33. 
Great  Weetem  Coal  &  Coke  Co.  v.  Mc^lahan  (Oklahoma),  143  Pacific,  23. 
Great  Weetero  Coal  &  Coke  Co.  v,  Cunniiigham  (Oklahoma),  143  Pacific,  26. 

BAMAOSS   NOT  EXCESSIVB. 

INSTANCES. 

A  judgment  for  $3,000  for  injuries  that  are  not  only  serious  in  their 
nature,  but  of  a  permanent  character,  and  will  follow  the  minor 
through  life,  seriously  impairing  his  capacity  to  perform  the  physi- 
cal labor  upon  which  he  must  depend  for  his  support,  and  where  at 
the  time  of  receiving  the  injuries  he  was  but  29  years  of  age,  is  not 
excessive. 

Darby  Coal  Mining  Co.  v,  Shoop  (Virginia),  83  Southeastern,  412,  p.  416,  November, 

■'•"14. 

A  judgment  for  $7,500  for  the  death  of  a  miner  who  was  28  years  of 
age,  in  good  health  and  performing  manual  labor  regularly,  with  an 
earning  capacity  of  $125  per  month,  leaving  a  wife  and  two  children; 
and  where  it  appeared  that  during  the  four  years  of  his  married  life 
be  had  accumulated  about  $500. 

Great  Western  Coal  &  Coke  Co.  v.  Coffman  (Oklahoma),  143  Pacific,  30,  p.  34. 
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A  verdict  for  $15,000  for  the  death  of  a  miner  43  years  old  leaving  a 
widow  and  six  children  and  earning  as  high  as  $10  a  day,  and  where  ho 
was  shown  to  be  sound  of  body  and  mind,  was  able  to  work  all  the 
time,  and  all  his  earnings  went  to  the  support  of  his  family. 

San  BoIb  Coal  Co.  v.  Resetz  (Oklahoma),  143  Pacific,  46,  p.  50. 

A  verdict  of  $7,334  for  an  injury  to  a  coal  miner  can  not  be  said  as 
a  matter  of  law  to  be  excessive  where  it  appears  that  a  piece  of  slate 
some  5  feet  in  length,  2  J  feet  in  width,  and  6  to  8  inches  thick  in  the 
center,  fell  upon  the  miner's  back  and  crushed  him  to  the  ground,  and 
where  the  evidence  showed  that  the  spinous  processes  of  the  backbone 
were  broken  down;  that  the  muscles  of  the  back  on  either  side  of  the 
backbone  had  become  rigid  and  hardened;  that  the  lower  limbs  of 
the  miner  had  become  benumbed;  and  where  the  weight  of  the  miner 
had  been  reduced  from  150  pounds  to  124  pounds,  and  he  suffered 
from  the  disarrangement  of  the  proper  action  of  his  kidneys  and 
bowels,  and  where  it  appeared  that  at  the  tipae  of  the  injury  he  was  a 
stout  man,  able  to  earn  $4  or  $5  a  day,  and  since  the  injury  has  been 
entirely  incapacitated  from  doing  any  kind  of  physical  labor. 

New  Bell  Jellico  Coal  Co.  v.  Sowders  (Kentucky),  172  Southwestern,  914,  p.  917, 
January,  1915. 

A  verdict  and  judgment  for  $9,000  in  favor  of  an  able-bodied  boy 
18  years  of  age,  can  not  be  held  as  a  matter  of  law  to  be  excessive 
where  the  boy's  foot  was  mashed  by  being  run  over  by  a  car,  the  bone 
of  the  leg  broken,  the  flesh  lacerated  and  torn  from  it,  and  where 
27  pieces  of  the  bone  protruded  and  were  removed,  and  where  the 
surgeon  described  the  mjury  as  a  compound  fracture  with  extensive 
lacerations  of  the  tissues  upon  the  ankle  and  knee,  and  that  the 
bone  was  broken  and  exposed  and  the  ankle  joint  stiff  and  one  leg 
rendered  shorter  than  the  other,  and  where,  before  the  wound  healed, 
parts  of  the  bone  disintegrated  and  the  patient  suffered  excruciating 
pain. 

Dillon  V.  United  States  Coal  &  Coke  Co.  (West  Virginia),  84  Southeaatem,  956, 
p.  960,  April,  1915. 

QUARRY  OPERATIONS. 

STORING   EXPLOSIVES — NUISANCE. 

A  person  is  guilty  under  the  law  of  maintaining  a  nuisance  who 
keeps  stored  indefinitely  in  a  thickly  settled  neighborhood  large 
amounts  of  high  explosives  which  are  liable,  as  dynamite  is  liable, 
to  explode  and  do  serious  injury  to  surrounding  persons  and  property, 
though  the  manner  of  keeping  such  explosives  is  characterised  by  no 
special  negligence. 

Slosfl-Sheffield  Steel  A  Iron  Co.  v.  Proech  (Alabama),  67  Southern,  516,  p.  519, 
December,  1914. 
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STORING   £XPIX)Siy£S   IN   DANGEROUS   PLACE. 

A  corporation  engaged  in  operating  iron-smelting  furnaces  and  in 
quarrying  rock,  is  liable  for  damages  caused  by  an  explosion  and  is 
guilty  of  maintaining  a  nuisance  where  it  kept  explosives  stored  in 
a  wooden  building  or  magazine  situated  near  and  in  dangerous  prox- 
imity to  a  thickly  settled  community  and  close  to  a  railroad  track 
owned  and  operated  by  the  corporation  and  close  to  certain  large 
slag  piles,  where  hot  slag  waS  deposited  by  the  corporation  in  the 
course  of  the  operation  of  its  furnaces  and  where  hot  slag  was  carried 
from  its  furnaces  close  by  such  explosives  by  engines  hauling  hot 
pots  containing  slag,  as  the  place  of  storing  the  explosives  was  one 
where  the  explosion  might  reasonably  be  expected  to  occur;  and  such 
act  of  keeping  and  storing  such  explosives  is  sufficient  to  create  a 
prima  facie  liabihty  for  injuries  resulting  from  an  explosion  of  such 
explosives. 

Slo6»-Sheffield  Steel  &  Iron  Co.  v.  Proech  (Alabama),  67  Southern,  516,  p.  518, 
December,  1914. 

USE   OF  EXPLOSIVES — ^DUTY  AS  TO  USE. 

The  value  of  dynamite  rests  exclusively  in  its  quality  as  a  powerful 
explosive  and  if  a  quarry  owner  is  under  the  necessity  of  using  dyna- 
mite, or  other  dangerous  explosives,  the  law  casts  the  duty  upon  him 
to  keep,  handle,  and  use  them  in  a  reasonably  safe  and  careful 
manner. 

SloBs-Sheffield  Steel  &  Iron  Co.  t;.  Prosch  (Alabama),  67  Southern,  516,  p.  518, 
December,  1914. 

WORKMAN   NOT  REQUIRED  TO   INSPECT — BRISKS   NOT   ASSUMED. 

A  workman  engaged  in  a  stone  quarry,  working  under  or  near  a 
hank  of  a  gravelly  nature  upon  which  there  was  more  or  less  stone, 
and  which  arose  perpendicularly  for  about  10  feet  and  then  continued 
for  some  35  feet  at  an  angle  of  about  45°  is  not  required  to 
examine  the  top  of  the  bank  above  the  place  where  he  was  at  work; 
and  while  he  was  bound  to  exercise  ordinary  care  to  prevent  injury, 
yet  the  responsibihty  for  the  condition  of  the  sides  and  top  of  the  bank, 
that  which  the  workman  could  not  see,  was  upon  the  quarry  operator. 
A  workman  put  to  work  in  a  place  which  subjects  him  to  the  danger 
of  being  injured  by  sliding  rock  or  earth,  does  not  assume  the  risk 
where  the  danger  is  not  obvious  to  him,  and  where  the  master,  with 
actual  or  constructive  knowledge  or  notice  of  the  danger,  fails  to 
warn  him  or  to  exercise  due  care  in  making  the  place  safe. 

Novy  V.  Breakwater  Co.  (Connecticut),  92  Atlantic,  668,  p.  671,  December,  1914. 
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operator's    knowledge   of  danger — DUTY  TO  INSPECT. 

The  owner  and  operator  of  a  stone  quarry  using  dynamite  in  loosen- 
ing the  stone  under  which  employees  were  working,  is  charged  with 
knowledge  that  parts  of  the  ledge  may  at  any  time  drop  down  on 
the  workmen,  and  accordingly  he  should  have  the  loose  stone  re- 
moved; and  employees  may  assume  that  such  duty  had  been  per- 
formed by  the  employer.  Under  such  circumstances  the  duty  of 
inspection  devolved  upon  the  employee,  and  where  the  proper  inspec- 
tion would  have  disclosed  the  loose  rock,  the  employer  is  liable 
for  an  injury  to  an  employee  caused  by  a  fall  of  such  loose  rock. 

Paul  Stone  Co.  v.  Saucedo  (Texas  Civil  Appeals),  171  Southwestern,  1038,  p.  1039, 
January,  1915. 

PROVIDING  SAFE   PLACE — EMPLOYEE   MAY  ASSUME   DUTY  PERFOKMEO. 

Under  the  rule  that  the  operator  of  a  quarry  must  exercise  reason- 
able care  to  furnish  the  workmen  in  the  quarry  a  reasonably  safe 
place  in  which  to  work,  the  employees  may,  in  the  absence  of  knowl- 
edge or  information  to  the  contrary,  assume  that  the  operator  had 
performed  his  duty  in  this  respect. 

Losasso  V.  Jones  Brothers'  Co.  (Vermont),  93  Atlantic,  266,  p.  270,  February,  1915. 

NEGLIGENCE  OF   VICE   PRINCIPAL — LIABILITY   OF  OPERATOR. 

The  foreman  in  a  quarry  who  has  full  charge  of  its  operations  and 
intrusted  with  the  performance  of  the  duties  resting  upon  the  owner 
or  operator  is  a  vice  principal,  and  notice  to  him  by  a  powder  man 
immediately  after  a  blast  of  the  dangerous  condition  of  a  header 
is  in  law  notice  to  the  owner  or  operator,  and  the  owner  or  operator 
is  liable  for  the  foreman's  negUgence  in  not  remedying  the  defect 
so  as  to  make  reasonably  safe  the  working  place  where  employees 
are  to  proceed  to  work. 

Losasso  V.  Jones  Brothers*  Co.  (Vermont),  93  Atlantic,  266,  p.  270,  February,  1915. 
DUTY  OF  EMPLOYER  TO  FURNISH  MEDICAL  AID  TO  INJURED  EMPLOYEES. 

The  rule  that  whenever  one  person  employs  another  to  perform 
dangerous  work,  and  while  performing  such  work  the  employee  is  so 
badly  injured  as  to  incapacitate  him  for  caring  for  himself,  the  duty 
of  providing  medical  treatment  is  devolved  upon  the  employer,  based 
on  the  unexpressed  humane  and  natural  understanding  existing 
between  parties  to  the  effect  that  whenever  an  employee  is  so  injured 
that  he  can  not  care  for  himself,  then  the  employer  will  furnish  him 
medical  or  sui^cal  treatment,  must  be  applied  in  the  case  of  the 
operation  of  a  quarry  where  an  employee  in  the  quarry  was  so  griev- 
ously hurt  that  he  was  in  great  danger  of  bleeding  to  death  and  could 
not  assist  himself  or  procure  the  necessary  medical  aid. 

Hunicke  v.  Meramec  Quarry  Co.  (Missouri),  172  Southwestern,  43,  p.  54,  Decem- 
ber, 1914. 
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THE  INFLAMMABIUTY  OF  ILLINOIS  COAL  DUSTS. 


By  J.  K.  Clement  and  L.  A.  Scholl,  Jr. 


INTIIODTTCTION. 

Among  the  problems  investigated  by  the  Bureau  of  Mines  the  coal- 
dust  problem  has  received  much  attention.  Several  of  the  bureau's 
pubUcations  deal  specifically  with  the  subject.  Bulletin  20*  contains 
an  account  of  preliminary  experiments  of  the  bureau  to  determine  the 
explosibility  of  coal  dusts  as  well  as  a  review  of  pertinent  literature. 
Bulletin  50^  is  a  report  of  a  laboratory  study  of  the  inflammabihty  of 
coal  dust.  The  first  series  of  coal-dust  explosion  tests  in  the  bureau's 
experimental  mine  at  Bruceton,  Pa.,  is  described  in  Bulletin  56*",  and 
Technical  Paper  56*^  presents  notes  on  the  prevention  of  dust  and  gas 
explosions  in  coal  mines,  and  Technical  Paper  84*^  discusses  the 
causes  of  such  explosions  and  describes  methods  and  apparatus 
devised  by  engineers  of  the  bureau  for  preventing  and  checking 
them. 

The  present  paper  is  a  report  of  a  detailed  study  of  the  bituminous 
dusts  of  Illinois  mines,  and  is  a  part  of  the  investigations  conducted 
by  the  bureau  in  cooperation  with  the  Illinois  State  Geological 
Survey  and  the  department  of  mining  engineering  of  the  University 
of  Iflinois.-^ 

It  is  well  known  that  bituminous  coals  like  those  found  in  Illinois 
yield  dust's  that  may  give  rise  to  explosions  of  great  violence.  In 
order  that  proper  methods  might  be  devised  for  preventing  dust 
explosions  in  Illinois  mines  it  was  considered  desirable  to  obtain  accu- 
rate information  on  the  quantity  and  character  of  these  dusts.  Ex- 
periments and  tests  of  dust  explosions  in  an  experimental  mine  as 

*5Rk»,  G.  8.,  The  explosibility  of  coal  dust  with  chapters  by  J.  C.  W.  Frazer,  Axel  Larsen,  Frank 
Haas,  and  Carl  Scholz.    204  pp. 

^  Fraxer,  J.  C.  W.,  Hoffman,  E.  J.,  and  Scholl,  L.  A.,  jr.,  A  laboratory  study  of  the  Inflammability  of 
coal  dust.    1913.    60  pp. 

'  Rice,  G.  S.,  Jones,  L.  M.,  Clement,  J.  K.,  and  Egy,  W.  Ij.,  First  series  of  co.il-dust  explosion  tests  in 
the  experimental  mine.    1913.    115  pp. 

^  Rice,  G.  S.,  Notes  on  the  prevention  of  gas  and  dust  explosions  in  coal  mines.    1913.    24  pp. 

<^Rice,  G.  3.,  and  Jones,  L.  M.,  Methods  of  preventing  and  limiting  explosions  in  coal  mines.  1915. 
50  pp. 

/  A  statement  of  the  plan  of  organization  and  of  the  scope  of  the  work  being  carried  on  under  the  coop- 
^^ve  agreement  is  contained  in  the  "  Preliminary  Report  on  Organization  and  Metho<l  of  Investigations, 
VJinoisCoal  Mining  Investigations  Cooperative  Agreement,"  University  of  Illinois,  Urbana,  1913. 
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well  as  in  a  large  steel  gallery  comparable  in  area  of  cross  section  to 
mine  entries  liave  been  made  by  the  Bureau  of  Mines.  Similar  experi- 
ments have  been  made  in  Austria,  England,  France,  and  Germany, 
Experiments  under  conditions  similar  to  those  of  actual  mining  prac- 
tice are  obviously  more  conclusive  than  tests  made  in  a  laboratory. 
On  account,  however,  of  the  expense,  time,  and  quantity  of  dust  re- 
quired, it  is  not  practicable  to  conduct  large-scale  tests  in  studying 
a  large  number  of  dusts  and  recourse  must  be  had  to  laboratory 
apparatus  and  methods. 

Laboratory  .devices  for  the  study  of  coal-dust  explosions  have  been 
devised  by  a  number  of  investigators.  Most  of  these  were  intended  for 
qualitative  tests  only.  Quantitative  methods  have  been  devised  by 
investigators  of  the  EngUsh  and  French  mining-experiment  stations.  <* 
In  the  experiments  described  in  this  report,  laboratory  tests  of  inflam- 
mability were  made  with  an  apparatus  devised  by  Dr.  J.  C.  W. 
Frazer,  ^  formerly  a  chemist  of  the  Bureau  of  Mines. 

Laboratory  tests  of  inflammability  have  been  made  on  more  than 
5p0  samples  of  dust  from  100  representative  Illinois  mines.  As  a 
result  of  these  tests  it  may  be  stated  that: 

1.  The  coals  of  lUinois  when  ground  fine  enough  yield  highly  inflam- 
mable dusts  which  when  suspended  in  air  may  give  rise  to  violent 
explosions. 

2.  In  the  majority  of  the  mines  of  the  State  the  dusts  adhering  to 
the  ribs  are  inflammable.  In  about  one-fourth  of  the  mines  the 
quantity  of  rib  dusts  present  in  the  entries  is  sufficient  to  form  an 
explosive  mixture  with  air. 

3.  Most  of  the  road  dusts  are  inflammable  when  ground  to  a  suffi- 
cient degi'ee  of  fineness. 

METHODS  OF  COLLECTINa  DUST  SAMPLES. 

The  dust  samples  were  collected  by  mining  engineers  of  the  Univer- 
sity of  Illinois  and  of  the  Bureau  of  Mines.  '  Preliminary  preparation 
of  the  samples  and  moisture  determinations  were  made  at  Urbana, 
111.,  xmder  the  direction  of  Prof.  S.  W.  Parr,  by  J.  W.  Lindgren  and  F. 
C.  Whithen.  The  dust  laboratory  was  equipped  by  the  mining 
department  of  the  University  of  Illinois,  and  the  inflammability 
tests  were  made  by  L.  A.  SchoU,  jr.,  junior  chemist  of  the  Bureau  of 
Mines,  and  G.  W.  Porter  of  the  mining  department  of  the  university, 
under  the  direction  of  Messrs.  Frazer  and  Clement  of  the  Bureau  of 
Mines. 

a  Taflanel,  J.,  and  Durr,  A.,  Cinquitene  s^rto  d'essais  sur  les  inflammations  de  poussttros;  EssaJs  dfn- 
flammabllit^,  1011,  70  pp.;  Taffanel,  J.,  Note  sur  des  experiences  relatiyes  an  claasement  des  gisements 
de  poiuslk^,  1912, 15  pp;  Second  Report  to  the  Secretary  of  State  for  the  Home  Department  of  the  Expk>> 
sions  in  Mines  Committee,  London,  1912, 4S  pp. 

b  See  Fraxer,  J.  C.  W.,  Hoffman,  E.  J.,  and  SchoU,  L.  A.,  Jr.,  A  laboratory  study  of  the  tnflammabflity 
of  coal  dust:  Bull.  50,  Bureau  of  Mines,  1913,  pp.  S-7. 
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For  the  purposes  of  the  cooperative  mining  investigation  the  State 
was  divided  into  eight  districts,  the  mines  working  the  same  seaju 
being  grouped  as  far  as  possible.  The  boundaries  of  the  districts  are 
shown  in  figure  1.  In  the  eight  districts  100  representative  shipping 
mines  were  chosen  for  examination.  Figure  2  shows  the  principal 
workable  coal  seams  in  the  State.  Inasmuch  as  the  100  representative 
mines  selected  for  examination  represent  25  per  cent  of  the  mines  of 
the  State  that  ship  coal,  it  is  thought  that  any  generalizations  and 
conclusions  based  on  results  obtained  in  a  study  of  those  mines  should 
be  representative  of  all  the  mines  of  the  State. 

COLLECTION    OF   FACE    SAMPLES. 

The  method  of  samphng  was  essentially  the  same  as  the  method 
described  in  Bureau  of  Mines  Technical  Paper  1.*  One  difference 
was  that  the  sample  cut  from  the  face  was  ground  in  a  special  grinder 
to  3^-inch  size  or  smaller.  After  the  sample  had  been  ground,  it  \>ras 
reduced  by  means  of  a  mechanical  riffle  to  a  sample  weighing  3  to  5 
pounds,  which  was  placed  in  an  air-tight  can  with  a  screw  cap.  The 
cap  was  wound  with  tape  as  an  additional  safeguard  against  deteriora- 
tion of  the  sample.  It  was  thought  that  the  use  of  the  special  grinder 
and  the  riffling  device  would  eliminate  in  part  at  least  the  personal 
equation.  Three  face  samples  were  taken  in  the  same  manner  from 
three  places  in  each  mine,  and  at  some  of  the  more  important  mines, 
and  at  least  at  one  mine  in  each  district,  six  face  samples  were  taken,  at 
different  points  in  order  to  ascertain  the  variations  or  uniformity  in 
the  chemical  composition  of  the  coal  in  the  particidar  mine  and  bed 
of  coal. 

The  inflammability  tests  were  conducted  as  soon  as  possible  after 
the  receipt  of  the  sample  at  Urbana.  This  precaution  was  deemed 
advisable  because  previous  investigations  had  shown  that"  Illinois 
coaJs  lose  inflammable  gases  during  the  first  two  weeks  after  mining.* 

Before  an  inflammability  test  was  made  the  sample  was  subjected 
to  the  following  preliminary  treatment:  Tlie  sample  after  removal 
from  the  container  was  placed  in  a  shallow  tray,  weighed,  placed  iu 
a  drying  oven,  and  dried  at  a  temperature  of  about  35®  C.  to  constant 
weight,  a  current  of  air  being  forced  over  the  tray  of  coal  by  a  small 
fan.  The  sample  was  then  ground  fine  in  a  grinder  similar  to  the 
one  employed  in  the  mine,  reduced  by  riffling  to  a  sample  of  about 
500  grams,  and  passed  through  a  60-mesh  sieve.  Two  small  60-gram 
samples  of  this  500-gram  sample  of  60-mesh  coal  were  placed  in 
separate  bottles,  one  sample  for  analysis  and  one  for  inflammability 
tests.  The  rest  of  the  500-gram  sample  was  placed  in  an  air-tight 
glass  fruit  jar  as  a  reserve  sample.     From  the  three  individual  face 

— —        -  ' — ■ — ■ — ■ ■ ' — ' 

a  Holmes,  J.  A.,  The  sampling  of  coal  in  the  mine:  Tech.  Paper  1,  Bureau  of  Mines,  1911, 18  pp. 

&  Parr,  S.  W.,  and  Barker,  Perry,  The  occluded  gases  in  oool:  University  of  Illinois,  Ball.  32, 1909,  p.  27. 
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samples  to  be  used  in  the  inflammability  tests  a  composite  sample 
was  made,  15  grams  being  taken  from  each  60-gram  sample  by 
quartering  after  a  thorough  mixing.  The  composite  sample  was  then 
ground  to  pass  tlirough  a  200-mesh  sieve,  placed  in  a  bottle,  and 
labeled.  As  soon  as  possible  after  grinding,  the  inflammability 
tests  of  the  finely  ground  sample  were  made.  In  addition  to  the 
composite  samples  from  each  mine,  general  composite  samples  for 
each  district  were  made  by  taking  a  definite  quantity,  usually  5 
grams,  from  the  finely  ground  individual  composite  samples. 

In  this  report  for  convenience  the  coal  beds  are  designated  as 
''No.  I,"  ''No.  2,''  etc.,  after  the  practice  of  the  Illinois  State  Geo- 
logical Survey.  The  equivalent  designations  adopted  by  the  United 
States  Geological  Survey  are  given  below: 

Number  as  used  by  State  geological  survey.      DeoignatioD  adopted  by  United  StatMs  Qeo- 

loglcal  Survey. 

No.  I No.  1;  term  is  applied  to  eevOTal 

discontinuous  beds. 

No.  2 Murphysboro. 

No.  3 HarrisbuTg,  except  in  Springfield 

and  Peoria  districts,  where  desig- 
nation is  Springfield. 

No.  6 Herrin  (displaces  term  "Belle- 
ville"). 

No.  7 No.  7. 

CX>LLECTION   OF   MINE-DUST   SAMPLES. 

The  mine  dusts  collected  comprised  two  kinds — ^rib  dusts  and  road 
dusts.  The  rib-dust  samples  were  gathered  from  the  ribs  of  the 
entries  and  rooms,  and  the  road-dust  samples  were  collected  from 
the  floors  of  the  entries. 

The  rib-dust  samples  were  taken  at  three  different  points  in  each 
mine,  as  follows :  Sample  3  on  the  main  haulage  entry,  sample  2  on 
the  secondary  haulage  entry,  and  sample  1  inside  the  last  crosscut 
near  the  face  of  the  entry  or  from  a  room.  The  method  employed 
in  obtaining  the  samples  was  as  follows :  A.chalk  line  was  drawn  from 
the  roof  to  the  floor  and  the  dust  was  brushed  from  the  rib  onto  a 
sheet  of  clean  paper  with  a  1-inch  varnish  brush  until  sufficient  dust 
was  obtained  to  fill  a  40-gram  glass  bottle.  The  sample  was  imme- 
diately transferred  to  the  bottle,  which  was  closed  with  a  rubber 
stopper.  The  height  and  the  width  of  the  rib  brushed  were  meas- 
ured in  order  to  have  an  estimate  of  the  amount  of  rib  dust  present 
in  the  entries  throughout  the  mine,  and  the  relative  humidity  and 
the  volume  of  air  from  the  intake  were  observed. 

Samples  of  road  dust  were  taken  at  two  different  points  in  each 
mine — one  (sample  2)  on  the  main  haulage  entries  near  the  point  at 
which   the   corresponding  rib-dust  sample   was   taken;  the  other 
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(sample  1)  on  the  secondary  haulage  entries  at  a  place  near  the 
point  at  which  the  corresponding  rib-dust  sample  was  obtained.  A 
section  of  entry  about  100  feet  long  was  selected  for  sampling,  the 
place  where  the  rib-dust  sample  was  taken  being  about  the  middle 
of  this  distance.  With  a  small  metal  spatula,  a  series  of  samples 
approximating  about  1  ounce  for  each  3  feet  of  entry  were  taken. 
The  dust  collected  in  this  manner  was  placed  in  a  metal  can  provided 
with  a  screw  cap  and  having  a  minimum  capacity  of  3  pounds.  The 
cap  was  wound  with  tape  as  an  extra  precaution,  and  tlie  can  was 
forwarded  to  the  laboratory. 

PRELIMINAKY  TREATMENT  OP  MINE-DUST   SAMPLES. 

As  the  treatment  of  the  road-dust  and  of  the  rib-dust  samples  in  the 
laboratory  preliminary  to  the  inflammability  determinations  was  the 
same,  it  is  discussed  under  one  heading.  Upon  the  receipt  of  cans  of 
road  dust  and  bottles  of  rib  dust  at  the  laboratory,  they  were  opened 
and  the  dust  air  dried  on  a  tray  in  the  drying  oven  at  a  temperature 
of  35°  C.  until  a  constant  weight  was  obtained  and  the  loss  in  weight 
determined.  Each  dust  sample  was  separated  into  parts  by  being 
screened  with  20,  60,  100,  and  200  mesh  sieves  and  the  several  parts 
were  weighed. 

In  inflammability  tests  of  rib  and  road  dusts  three  classes  of  sam- 
ples were  used,  as  follows:  (1)  The  part  of  the  air-dried  sample 
passing  through  a  20-mesh  sieve;  (2)  the  part  passing  through  a  200- 
mesh  sieve;  (3)  samples  prepared  from  the  part  of  the  air-dried 
sample  that  passed  the  20-mesh  sieve  after  grinding  to  pass  a  200- 
mesh  sieve. 

It  might  well  be  expected  that  the  inflammabihty  of  an  air-dried 
sample  of  dust  would  be  different  from  that  of  a  sample  containing 
its  original  moisture.  Experiments  have  shown  that  although  as  a 
role  the  air-dried  sample  develops  slightly  higher  pressure  than  the 
"as-received''  sample  the  difference  is  neghgible. 

JCBTHOD  OF  ASALYZUSQ  DTTST  SAKPLBS. 

Upon  the  completion  of  the  inflammabihty  tests  of  a  sample  of  dust 
it  was  immediately  shipped  to  the  Bureau  of  Mines  testing  station 
at  Pittsburgh,  where  analyses  were  made  under  the  direction  of  A.  C. 
Fieldner,  chemist.  Ultimate  analyses  and  calorimeter  tests  were 
made  of  the  face  samples,  but  proximate  analyses  and  calorimeter 
tests  only  were  made  of  the  road  and  rib  dusts. 

PBOXIMATB  ANALYSIS. 

Moigiure. — ^A  1-gram  sample  of  fine  coal  in  a  porcelain  capsule  is 
heated  fori  hour- at  105**  C.  in  a  constant- temperature  oven  through 
whidi  dry  air  is  circulated.    The  figure  representing  loss  in  weight 
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multiplied  by  100  represents  the  percentage  of  moisture  in  the  sample 
of  air-dried  coal. 

Volatile  matter. — A  1-gram  sample  of  fine  coal  is  heated  to  a  tem- 
perature of  950°  C.  in  a  10  c.  c.  platinum  crucible  with  a  platinum 
capsule  cover  in  an  especially  designed  electric  furnace  for  7  xninutes.** 
The  loss  in  weight  from  heating  less  the  weight  of  the  moisture 
determined  at  105°  C.  multiplied  by  100  gives  the  percentage  of 
volatile  matter  in  the  sample. 

Ash. — The  porcelain  capsule  containing  the  residue  from  the 
moisture  determinations  is  placed  in  a  mufile  furnace  and  heated 
slowly,  the  volatile  matter  being  driven  off;  finally  the  temperature  is 
raised  to  750°  C,  and  heating  is  continued  until  the  weight  becomes 
constant.  The  weight  of  the  residue  in  the  crucible  is  the  ash  or 
ignited  mineral  matter  in  the  coal,  which,  multiplied  by  100,  gives 
the  percentage  of  ash  in  the  coal. 

Sulphur. — The  sulphur  is  determined  by  the  Eschka  method  of 
heating  1  gram  of  the  fine  coal  with  2  grams  of  ''Eschka  mixture" 
(MgO  2  parts  and  NajCOg  1  part)  in  a  40  c.  c.  porcelain  crucible. 
The  crucible  is  heated  slowly  at  first  to  avoid  losses,  the  he^t  being 
raised  until  all  black  particles  have  been  consumed.  After  digestion 
with  hot  water,  filtration,  acidification  with  HCl,  and  addition  of 
bromine  water,  the  sulphur,  which  is  in  the  form  of  the  sulphate,  is 
precipitated  as  barium  sulphate,  filtered,  ignited,  and  weighed.  The 
weight  of  barium  sulphate  multiplied  by  13.74  gives  the  percentage  of 
sulphur  in  the  sample. 

Fixed  carbon, — The  difference  between  the  sum  of  the  percentages 
of  the  moisture,  ash,  and  volatile  matter  in  a  sample  of  fine  coal  and 
100  is  called  the  percentage  of  fixed  carbon  in  the  sample. 

ULTIMATE   ANALYSIS. 

Carhon  and  hydrogen. — The  percentages  of  carbon  and  hydrogen 
in  a  sample  of  fine  coal  are  determined  by  the  combustion  method, 
whereby  the  carbon  and  the  hydrogen  are  converted  to  carbon 
dioxide  and  water,  respectively,  and,  after  absorption  by  a  suitable 
medium  each  is  determined  by  tlie  increase  in  weight  of  the  absorbing 
medium.  A  sample  weighing  0.2  gram  is  employed.  Calcium 
chloride  is  used  to  absorb  the  water  fonned  by  the  combustion,  and 
the  increase  in  weight  of  the  calcium  chloride  tube  multipUed  by 
55.95  equals  the  percentage  of  hydrogen  in  the  sample.  Potassium 
hydroxide  is  used  to  absorb  the  carbon  dioxide  found  as  a  result  of 
the  combustion,  and  the  mcrease  in  weight  of  the  potassium  hydroxide 
bulbs  multiphed  by  136.36  gives  the  percentage  of  carbon  in  the 
sample. 

a  See  Fieldner,  A.  C,  Notes  on  the  sampling  and  analysis  of  coal:  Tech.  Paper  76»  Burean  of  Mines, 
1914,  p.  20. 
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Nitrogen. — For  determining  the  nitrogen  content  of  the  sample 
of  fine  coal  the  Kjeldahl-Gimning  method  is  employed.  The  nitrogen 
in  a  1-gram  sample  is  converted  to  ammonium  sulphate  by  boiUng  a 
mixture  of  the  coal,  concentrated  sulphuric  acid,  potassium  sulphate, 
and  a  drop  of  mercury  in  a  round-bottomed  flask.  After  treatment 
to  precipitate  the  mercury  and  take  care  of  the  excess  acid,  the 
solution  is  made  alkaline  with  NaOH  and  the  ammonia  is  distilled 
into  a  measured  amount  of  standard  sulphuric-acid  solution  to  which 
cochineal  indicator  has  been  added.  The  nitrogen  content  of  the 
sample  is  then  calculated  after  the  excess  sulphuric  acid  has  been 
titrated  with  a  standard  solution  of  NH4OH. 

Calorific  valv£. — The  calorific  value  of  the  fine  coal  is  determined 
by  means  of  the  Mahler  bomb  calorimeter.  One  gram  of  coal  ia 
burned  in  the  bomb.  From  the  rise  in  temperature  of  the  calori- 
meter system  the  heating  value  of  the  coal  dust  is  calculated. 

For  a  complete  description  of  the  methods  and  the  apparatus 
employed  in  analyzing  the  dusts  the  reader  is  referred  to  Technical 
Paper  8  of  the  Bureau  of  Mines*. 

CEABAGTEB   AND  OPERATION  OF   APPABATTTS   TJSED   IN  TESTS. 

The  equipment  of  the  laboratory  is  shown  in  Plate  I,  A.  The 
dectrie  current  for  the  heating  coil  was  furnished  by  a  motor  generator 
giving  direct  current  at  110  volts  and  provided  with  a  voltage  regu- 
lator. 

DESCRIPTION   OF  APPARATUS. 

The  inflammability  apparatus  used  in  the  investigations  is  shown 
in  Plate  I,  B,  and  figure  3. 

The  apparatus  consists  of  an  explosion  flask,  a  device  for  putting 
the  dust  in  suspension,  a  platinum  ignition  coil,  and  a  device  for 
measuring  the  pressure  developed  in  the  explosion  flask. 

The  explosion  flask  a  (fig.  3)  is  made  of  heavy  glass  with  a  low 
coeflicient  of  expansion,  and  has  a  capacity  of  1,500  c.  c.  At  the 
top  and  the  bottom  are  large  tubulures  which  are  ground  true.  A 
wide  rubber  band  placed  around  the  lower  tubulure,  and  extending 
a  short  distance  below  it,  contracts  over  the  end  of  the  tubulure  so 
as  to  form  a  cushion  between  the  tubulure  and  the  brass  plate  c. 
A  rubber  gasket  is  cemented  to  the  under  side  of  the  brass  plate  it, 
where  it  rests  on  the  upper  tubulure.  By  this  means,  when  the  nuts 
above  the  steel  piece  I  are  screwed  down,  the  joints  at  the  top  and 
the  bottom  of  the  flask  are  made  gas  tight. 

Th6  dust  injector  consists  of  a  small  glass  funnel,  6,  cemented  into 
the  brass  plat^  c,    A  piece  of  30-mesh  copper  gauze  covers  the  top 

«  Stanton,  F.  H.,  and  TUHdnssr,  A.  C,  Methods  of  analyzing  coal  and  coke:  Tech.  Paper  8,  Bureau  of 
llinf8,1913,42pp. 
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of  the  funnel  and  serves  to  break  up  the  dust  into  a  cloud  when  the 
dust  is  ejected  from  the  funnel  into  the  flask  by  the  release  of  the 
compressed  air  contained  in  the  150  c.  c.  glass  bulb  d.  The  igniter  i 
consists  of  a  coil  of  100  cm.  of  No.  26  platinum  wire  wound  upon 
quartz  insulators  which  are  attached  to  the  heavy  nickel  leads,  j. 
The  nickel  leads  pass  the  wooden  bushings  in  the  top  brass  plate  and 
hold  the  coil  in  the  center  of  the  explosion  flask.  The  ends  of  the 
platinum  wire  are  soldered  with  silver  to  the  nickel  leads. 

The  device  used  to  measure  the  pressure  developed  in  the  flask 
comprises  a  smaU  50  c.  c.  flask,  q,  containing  a  weighed  amount  of 
mercury,  and  a  small  steel  ball,  n,  which  is  groimd  to  fit  practically 
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gas-tight  into  the  brass  tube  m,  which  communicates  through  2:  with 
the  large  flask  a. 

OPERATION   OP  APPARATUS. 

A  weighed  amount  of  dust  (0.05  gram)  is  placed  in  the  funnel, 
which  is  then  connected  to  the  bulb  d  by  means  of  a  short  piece  of 
rubber  tubing  closed  with  a  pinch  cock,  e,  and  placed  in  a  shaped 
receptacle  in  the  wooden  block  s.  By  means  of  the  compression 
bulb  p  the  air  in  <2  is  compressed  to  a  pressure  of  200  mm.  of  mercury 
as  indicated  by  the  manometer  %. 

With  the  apparatus  assembled  as  shown  in  Plate  I,  B,  the  desired 
current  is  passed  through  the  platinum  coil  for  exactly  3  minutes,  and 
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during  that  interval  the  expanding  air  in  the  flask  a  (fig.  3)  is  released 
by  the  lifting  of  the  steel  ball  n  at  intervals  of  1,  2,  and  2f  minutes. 
At  the  expiration  of  the  third  minute  the  pinch  cock  is  opened  and  the 
dust  in  the  funnel  is  blown  into  the  flask.  To  prevent  release  of  pres- 
sure through  h  it  has  been  found  desirable  to  introduce  a  check  valve. 
The  experiment  is  repeated,  the  weight  of  mercury  being  varied 
each  time  imtil  the  pressure  hes  between  two  weights  5  grams  apart. 
The  mean  of  the  two  values  is  then  accepted  as  the  maximum  pressure 
that  each  dust  being  studied  is  able  to  produce  at  the  temperature 
used.  The  maximimi  pressure  that  each  dust  will  develop  is  dotcr- 
mined  in  the  above  manner  for  five  different  temperatures — 800  *', 
900°,  1,000°,  1,100°,  and  1,200°  C.  In  all  the  experiments  0.05  gram 
of  dust  is  used,  and  the  restdtant  pressure  checks  consistently  if  iden- 
tical conditions  are  maintained  for  all  experiments.  It  is  essential 
to  have  a  steady  current,  and  for  this  purpose  an  aimneter  is  always 
in  circuit,  the  current  being  regulated  closely  by  means  of  a  rheostat. 

OAUBRATION  OF  PLATINT7M  COIL. 

As  the  character  of  the  explosion  and  the  pressure  developed  by  it 
depend  on  the  temperature  of  the  platinum  coil  or  grid,  the  determi- 
nation of  this  temperature  is  important.  The  temperature  is  calcu- 
lated from  the  electrical  resistance  of  the  wire  as  measured  by  the 
fall-of-potential  method.  To  determine  the  temperature-resistance 
curve  of  the  platinimi  wire,  the  wire  is  wound  on  a  porcelain  tube  and 
heated  in  an  electric  furnace,  the  resistance  being  measured  by  a 
Wheatstone  bridge.  The  temperature  is  measured  by  a  thermo- 
couple whose  hot  junction  is  in  the  axis  of  the  porcelain  tube  mid- 
way between  the  ends  of  the  platinimi  spiral.  Proper  corrections  are 
made  for  the  resistance  of  the  leads. 

On  account  of  the  cooling  effect  of  the  leads  the  temperature  of  the 
platinum  coil  is  greater  in  the  middle  than  at  the  ends,  and  the  tem- 
perature determined  by  the  resistance  of  the  wire  is  somewhat  below 
the  actual  temperature  of  the  middle  part  of  the  coil. 

The  coating  of  ash  deposited  on  the  wire  by  the  coal  dust  produces 
a  chaEige  in  the  electrical  resistance  of  the  wire  as  well  as  in  the  radiat- 
ing surface.  From  time  to  time  the  wire  is  cleaned  by  removing  it 
from  the  grid  and  immersing  it  in  hydrofluoric  acid.  The  change 
in  the  resistance  of  the  wire  occasioned  by  impurities  as  well  as  by 
variations  in  the  dimensions  of  the  wire  was  so  rapid  that  it  is  f  oimd 
necessary  to  verify  the  temperature-resistance  curve  once  a  day. 
Verification  is  accomplished  by  determining  the  resistance  of  the  coil 
at  the  so-called  "critical  temperature"  for  Pittsburgh  standard  dust. 
The  resistance  of  the  coil  at  the  critical  temperature  and  the  tempera- 
ture coeflBcient  of  the  wire  being  known,  the  corrections  to  the  temper- 
ature-resistance curve  are  readily  calculated. 
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The  pressures  produced  bj  the  combustion  of  different  dusts  Tariee 
from  zero  to  10  pounds  per  square  inch,  depending  on  the  chemical 
and  physical  properties  of  the  dust  and  the  temperature  of  the  plati- 
num wire.  The  results  obtained  with  four  typical  coals  are  repre- 
sented graphically  in  figure  4 ;  and  the  results  of  analyses  of  the  coals 
are  given  in  the  following  table: 


TEMPEEATUKE  OF  COIL,  *C. 
— In  flammablltlj  corves  for  fniir  Ij-pkal  coals. 
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Tile  pressure  developed  by  the  combustion  of  anthracite  dust  is  so 
low  as  to  be  inappreciable  even  at  high  temperatures,  and  ihere  is 
little  if  any  combustion.  The  method  of  testing  inflammability  used 
in  this  investigation  is  not  suitable  for  testing  coals  low  in  volatile 
matter  and  high  in  fixed  carbon,  hut  such  coals  are  not  found  in 
Illinois.    Subbituminous  dust  is  distinguished  from  bituminous  dust 
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not  only  by  the  higher  pressures  produced  on  combustion,  but  by 
the  high  pressures  being  developed  at  a  much  lower  temperature, 
lliere  are  no  subbituminous  coals  in  Illinois.  The  ratio  of  Tt^tile 
mattCT-  to  fixed  carbon  of  IlUnois  coals  does  not  vary  widely,  so  that 
the  method  of  testing  probably  shows  closely  the  relative  inflamma- 
bihty  when  the  ash  and  the  moisture  contents  are  not  high. 

INFLUENCE   OF    VARIOUS    FACTORS    ON    INPLAMMABILmf    CURVE. 

The  curve  for  the  bituminous  dust  exhibits  a  cliaracteristic  common 
to  all  of  the  Illinois  coals  tested  and  to  a  large  number  of  bituminous 
coals.  With  rbe  in  temperature  the  pressure  increases  slowly  at  first 
up  to  &  certain  temperature,  usually  between  1000°  and  1100°  C, 
where  the  curve  bends  sharply  upward  and  the  pressure  rises  rapidly. 
After  a  small  rise  in  temperature  beyond  thb  point  the  curve  bends 
sharply  to  the  right,  and  the  increase  in  pressure  with  further  rise  in 
tcmpo^ture  is  slight.    The  temperature  at  which  tlie  pressure  curve 

N. 
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bends  upward  has  in  this  report  been  termed  by  t}ie  authors  the 
■critical  temperature." 

The  exact  shape  of  the  inflaiomability  curve  for  Pittsburgh  stand- 
ard dust  in  the  vicinity  of  the  critical  temperature  was  determined 
by  making  tests  at  intervals  of  20°  between  temperatures  of  1000° 
and  1100°  C     Tile  results  are  represented  graphically  in  figure  5. 

"Hie  critical  temperature  seemingly  marks  the  dividing  line  between 
combustion  in  the  immediate  vicinity  of  the  coil  at  lower  tempera- 
tures and  a  flame  that  is  prop^ated  throughout  the  dust  cloud  at 
hi^er  temperatures.  The  difference  in  the  character  of  the  flame 
obtained  with  Pittsburgh  standard  dust  at  temperatures  below  and 
above  the  critical  temperature  is  shown  by  figures  Plate  II,  A  and  B, 
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and  Plate  III,  A.  Reference  has  been  made  (p.  17)  to  the  practical 
value  of  the  critical  temperature  of  Pittsburgh  standard  dust  as  a 
point  of  reference  for  controlling  the  temperature  of  the  platinum  coil. 

As  previously  stated,  all  the  inflammability  tests  of  face  samples 
were  made  on  samples  ground  to  pass  through  a  200-mesh  screen. 
The  reason  for  adopting  this  practice  is  that  the  finer  the  dust  the 
greater  is  its  inflammability.  The  influence  of  the  size  qf  the  dust 
particles  on  the  phenomena  taking  place  in  the  flask  is  shown  by 
Plates  III,  By  TV,  A,  and  B,  and  V,  A  and  J5,  which  are  reproduced 
from  photographs  of  the  flames  produced  by  various  sized  Illinois 
dusts. 

The  flame  is  propagated  throughout  the  dust  cloud  only  with  dusts 
fine  enough  to  pass  a  200-mesh  screen. 

MEASUBE   OF  RELATIVE   INFLAMMABILITT. 

The  inflammabihty  curves  in  flgure  4  indicate  that  the  relative 
inflammability  of  the  dusts  tested  by  the  method  used  in  these 
experiments  may  be  expressed  in  terms  of  any  one  of  several  varia- 
bles; for  example,  the  area  below  the  inflammability  curves,  the 
temperature  required  to  develop  a  certain  pressure,  or  the  pressure 
developed  by  a  certain  temperature.  All  three  methods  of  expressing 
the  results  were  appUed  to  the  data  obtained  in  the  study  of  the  face 
samples  of  Illinois  coal,  and  the  order  of  inflammability  was  prac- 
tically the  same  with  each  method.  The  last-named  variable, 
namdy,  the  pressure  developed  at  a  certain  coil  temperature  (1200** 
C),  has  been  used  by  the  authors  as  a  measure  of  relative  inflam- 
mabihty. 

CLASSIFZOATIOK  OF  COAL-MINE  DUSTS. 

Coal-mine  dusts  may  be  classified  with  respect  to  their  inflamma- 
bihty into  three  groups,  as  follows:  (1)  Dusts  that,  when  in  suspen- 
sion in  air,  may  be  ignited  by  a  flame  from  a  blown-out  shot  or  by 
the  flame  of  an  oil  lamp  and  give  rise  to  an  explosion;  (2)  dusts  that 
are  not  ignited  by  the  flame  from  a  blown-out  shot  or  by  the  flame 
of  an  oil  lamp,  but  will  propagate  an  explosion  that  has  originated  in 
a  more  inflammable  mixture  of  dust  or  of  gas  or  of  both;  and  (3)  dusts 
that  will  not  propagate  an  explosion. 

Laboratory  tests  of  inflammabihty  furnish  a  measure  of  the  relative 
inflammabihty  of  dusts,  and  from  the  results  of  such  tests  dusts  may 
be  arranged  in  the  order  of  their  inflammabihty.  However,  as  the 
conditions  in  the  laboratory  differ  so  widely  from  the  conditions  in 
the  mine,  the  results  of  laboratory  tests  alone  do  not  furnish  reliable 
information  as  to  whether  a  given  dust  wiU  propagate  a  mme  explosion. 
The  laboratory  results  must  first  be  carefully  compared  with  the 
results  of  tests  on  a  large  scale  and  under  conditions  such  as  exist  in 
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a  mine.  Only  after  such  a  comparison  has  been  made  is  it  possible 
to  predict  the  behavior  of  dusts  in  the  mine  from  the  results  of 
laboratory  tests. 

One  of  the  important  problems  investigated  at  the  experimental 
mine  of  the  Bureau  of  Mines  was  the  determination  of  the  limits 
between  the  several  classes  of  dusts  named  above.  At  the  time  the 
investigation  of  the  inflammability  of  Illinois  dusts  was  undertaken, 
the  investigations  at  the  experimental  mine  were  in  the  preliminary 
stage  and  no  progress  had  been  made  on  this  problem.  The  labora- 
tory method  used  in  the  experiments  described  in  this  report  was 
intended  especially  to  furnish  information  concerning  the  relative 
inflammability  of  dusts. 

Since  the  completion  of  the  experimental  part  of  the  present  inves- 
tigation the  limits  between  the  three  important  classes  of  dusts  have 
been  established  at  the  experimental  mine.  It  has  been  shown  that 
dusts  that  develop  a  pressure  of  0.5  pound  or  more  in  the  laboratory 
apparatus  used  in  this  investigation  may  be  ignited  by  the  flame 
from  a  blown-out  shot,  and  that  certain  dusts  that  develop  no  meas- 
urable pressure  in  the  laboratory  test  will  propagate  an  explosion. 
The  laboratory  method  as  used  in  the  tests  of  Illinois  dusts  is,  there- 
fore, not  sensitive  enough  to  distinguish  between  dusts  belongiag  to 
group  2  and  those  belonging  to  group  3. 

By  recent  modifications  in  the  laboratory  method  measurable 
pressures  are  obtained  with  all  dusts  that  are  capable  of  propagating 
explosions  in  the  mine. 

nm^AKKABELITY  OF  THE  FACE  SjOJCPLES. 

TABULATED  DATA. 

Analyses  and  inflammability  tests  were  made  of  95  face  samples 
from  94  mines.  The  results  are  presented  in  Table  1.  The  samples 
are  arranged  in  descending  order  of  iofiammabihty  as  measured  by 
the  pressTure  developed  at  a  coil  temperature  of  1200°  C.  At  that 
temperature  the  range  of  pressure  is  4.9  to  10.1  pounds  per  square 
inch.  Dust  developing  a  0.5-pound  pressure  or  more  in  the  labora- 
tory apparatus,  when  thrown  into  suspension  in  a  mine,  may  be 
ignited  by  the  flame  from  a  blown-out  shot  and  give  rise  to  an  explo- 
sion. Coal  from  any  one  of  the  94  Illinois  mines  studied,  if  ground 
to  the  proper  degree  of  fineness,  will  yield  a  highly  inflammable 
dust,  and  one  that,  under  suitable  conditions,  may  be  expected  to 
give  rise  to  a  violent  explosion. 
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INFLAMMABILITY    ClTtVES, 


InflanunabOity  curres  for  a  number  of  the  face  samples  are  con- 
tained in  figures  6,  7,  and  8,  in  which  the  abscissa  is  the  temperature 
of  the  platinmn  coil  and  the  ordinate  ia  the  preesuro  developed  in  the 
flask.  The  curves  in  figure  6  represent  the  most  inflammable  dust 
from  each  district  and  those  in  figure  7  the  least  inflammable. 
Curves  for  all  face  samples  from  district  7  are  shovm  in  figure  8. 

nraxAjniABiurT  or  rib  dusts. 

The  study  of  the  face  samples  has  shown  that  all  lUinols  coals,  when 
ground  to  a  sufficient  degree  of  fineness,  yield  dusts  that  are  highly 
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m  each  district.    Numbtii 


inflammable.  The  purpose  of  studying  the  rib  and  the  road  dusts  is 
to  ascertain  to  what  extent  inflammable  dusts  are  formed  and  are 
present  in  the  mines. 

TABULATED    DATA. 

Table  2  contains  the  results  obtained  in  the  study  of  rib  dusts.  The 
samples  are  arranged  in  the  order  of  the  inflammability  of  the  portion 
ground  to  pass  a  200-me3h  screen,  as  measured  by  tlic  pressure  de- 
vdoped  at  a  coil  temperature  of  1,200°  C.     The  table  follows: 


THE    INFLAMMABIUTV    OF    ILUHOIS    COAL   DUSTS. 


TEMPERATURE  OF  COIL, 
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COMMENTS   ON   TABULATED  DATA. 

Compaxed  with  the  fine  dusts  the  20-mesh  samples  developed  rela- 
tively low  pressures.  The  highest  pressure  recorded  on  this  class 
of  samples  was  3.8  pounds.  Eight  samples  out  of  190  gave  pressures 
of  1  pound  or  more.  Approximately  40  per  cent  of  the  20-inesh 
samples  developed  no  measurable  pressure,  and  80  per  cent  of  the 
samples  gave  pressures  of  less  than  0.5  pound.  In  the  small  laboratory 
apparatus  the  low  relative  inflammabiUty  of  the  20-mesh  samples  is, 
of  course,  due  to  the  large  proportion  of  coarse  particles  that  do  not 
take  part  in  the  explosion. 

As  regards  most  of  the  samples  the  inflammability  of  the  200-mesh 
part  of  the  original  sample  did  not  diJffer  greatly  from  the  inflamma- 
bility of  the  part  of  the  original  sample  ground  to  pass  a  200-mesh 
sieve.  About  70  per  cent  of  the  200-mesh  parts  gave  pressures  of 
0.5  poimd  or  more,  and  might  therefore  give  rise  to  explosions. 

As  regards  the  relation  between  the  source  of  the  sample  in  the 
mine  and  the  inflammabihty  of  the  dust,  the  greater  the  distance  from 
the  working  face  the  higher  is  the  ash  content  and  the  lower  the 
inflammability  of  the  sample.  The  room  samples  are  the  most 
inflammable,  and  the  dust  from  the  main  entries  is  the  least  inflamma- 
ble. The  200-mesh  part  of  the  room  sample  from  each  of  ^59  out  of  70 
mines  developed  a  pressure  of  0.5  pound,  and  of  these  every  one  but 
two  developed  a  pressure  of  1  pound  or  more.  Rib-dust  samples 
collected  near  the  working  face  had  practically  the  same  composition 
and  inflammabihty  as  the  face  samples. 

QUANTITY   OF   RIB   DUST   IN   MINES. 

It  is  important  to  know  whether  enoiigh  dust  adheres  to  the  ribs 
to  propagate  an  explosion  by  itself,  that  is,  without  the  assistance  of 
gas  or  of  road  dusts. 

Taffanel  has  foimd  that  the  minimum  dust  density  that  will  regu- 
larly propagate  an  explosion  is  0.07  ounce  per  cubic  foot  (70  grams 
per  cubic  meter),  though  in  one  test  he  obtained  propagation  with 
a  density  as  low  as  0.023  ounce  per  cubic  foot.  In  experiments  in  the 
100-foot  gallery  at  the  Bureau  of  Mines  experiment  station  at  Pitts- 
burgh, Pa.,  propagation  occurred  in  two  instances  with  a  dust  density 
of  0.032  ounce  per  cubic  foot.  If  it  be  assumed  that  all  the  dust  on 
the  rib  is  put  into  suspension,  and  if  the  average  height  and  width 
of  a  room  be  taken  as  7  feet  and  24  feet,  then  in  no  case  was  the 
quantity  of  dust  20-mesh  fine  fotmd  on  ribs  in  rooms  sufficient  to 
produce  a  density  of  0.07  ounce  per  cubic  foot.  However,  large 
quantities  of  fine  coal  dust  resting  on  the  floor  or  on  the  gob  in  rooms 
might  be  dangerous,  even  though  the  quantity  of  rib  dust  was  smaUL 
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As  regards  the  dust  fine  enough  to-pass  a  20'mesh  screen,  for  about 
one-fourth  of  the  samples  of  rib  dust  collected  in  the  entries,  the 
quantity  was  sufficient  to  yield  a  dust  density  of  0.07  ounce  per  cubic 
foot,  if  the  entries  are  assumed  to  be  7  feet  high  and  8  feet  wide. 

In  drawing  conclusions  from  the  residts  obtained  in  the  study  of 
the  rib  dusts^  the  reader  shoidd  remember  that  the  deposits  of  dust 
on  the  ribs  vary  greatly  in  character  and  in  quantity,  from  point  to 
point  in  -a  mine,  and  that  the  results  obtained  from  two  or  three 
samples  are  not  necessarily  representative  of  the  entire  mine. 

INFIaAHXABILITY  of  MllnB-ROAD  DUSTS. 
TABULATED   RESULTS. 

The  results  of  the  laboratory  examination  of  the  road  dusts  are 
presented  in  Table  3.  The  data  are  arranged  ra  the  same  manner 
as  the  rib-dust  data  in  Table  2. 
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COUMENTS   ON   TABTILATBD  DATA. 

The  average  proportion  of  each  road-dust  sample  that  was  fine 
enough  to  pass  a  20-ineah  screen  was  39  per  cent.  With  few  exoep- 
tions  the  mjnimum  proportion  passing  a  20-niesh  screen  was  20  per 
cent.  Less  than  half  of  the  dust  through  a  20-mesh  sieve,  an  average 
of  15.5  per  cent  of  the  original  samples,  passed  a  100-mesh  screen, 
and  10.5  per  cent  passed  a  200-mesh  screen. 

The  last  column  of  Table  3  gives  the  pressures  obtained  at  1,200"  C. 
with  parts  of  the  road  dusts  that  were  ground  to  pass  a  200-mesh 
screen.  A  comparison  of  these  values  with  those  in  the  last  column 
of  Table  2  shows  that  the  road  dusts  are  relatively  less  inflammable 
than  the  rib  dusts — a  result  that  one  would  expect  because  of  the 
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higher  ash  content  of  the  road  dusts.  The  greater  number  of  the 
ground  parts  of  the  road  dusts,  however,  developed  pressures  of  0.5 
pound  or  more,  indicating  that  the  material  composing  the  road  dusts 
of  many  Illinois  mines,  when  reduced  to  the  proper  degree  of  fineness, 
can  propagate  and  even  give  rise  to  a  dust  explosion. 

The  highest  pressure  developed  in  the  inflammability  apparatxis 
by  the  20-mesh  samples  was  0.5  pound,  and  in  the  majority  of  testa 
no  pressure  was  developed.  As  the  road  dusts  contained  such  a 
small  proportion  of  dust  fine  enough  to  pass  a  200-mesh  screen,  it  is 
not  surprising  that  their  inflammability  ia  so  low. 

The  pressures  developed  by  the  200-mesh  parts  of  the  road-dust 
samples  are  reported  in  column  16,     In  most  of  these  samples  the 
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pressure  is  reported  as  <0.9.  Most  samides  that  did  not  develop 
sufficient  pressure  (0.9  pound  per  square  inch)  to  raise  a  weight  of 
25  grams  were  not  tested  with  smaller  weights  on  the  pressure- 
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measuring  device,  as  it  was  not  expected  that  dusts  that  developed 
so  httle  pressure  in  the  laboratory  apparatus  woidd  serve  to  propagate 
&Q  explosion.     At  the  time  the  experimental  work  was  done  it  was 
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not  known  that  dusts  that  developed  as  low  a  preesuro  as  0.5  pound 
per  square  inch  in  the  laboratory  apparatus  would  under  favorable 
conditions  give  rise  to  a  dust  explosion  in  the  mine. 

In  the  study  of  the  rib  dusts  it  was  found  that  the  inflammability 
of  most  of  the  200-me6h  parts  of  the  unground  samples  was  only 


TElCl'ERATUBE  OF  COIL,  'C. 
FlouBE  12.— InOuDmabltU)-  mnea  for  all  rsmplea  from  m 


slightly  less  than  that  of  samples  ground  to  200-me8h  size  in  the 
laboratory.  The  question  arises:  Why  does  the  same  relation  not 
obtain  for  the  road  dusts  ?  The  reason  for  the  difference  is  not 
evident.     The  low  inflammability  of  the  sized  part  of  the  road  dusts 


r. 


TEMPERATURE  OF  COIL,  'C. 
— InDamnisbllll)-  ruiviu  for  all  samjilci  from  rains  Nol  SO. 


may  ho  duo  to  an  excess  of  ash  in  the  finer  particles  of  road  dust, 
though  there  is  no  reason  for  expecting  such  a  selective  distribution 
of  ash.  A  more  probable  explanation  is  that  the  grinding  of  the 
dusts  in  the  laboratory  produces  a  lai^or  proportion  of  extremely 
fine  dust  particles  than  is  present  in  the  road  dusts  of  the  mine. 
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Ko  varialMn  of  inflammability  of  the  road  dosts  with  the  locality 
in  the  mine  is  evident.  Among  samples  whose  inflammability  is 
high,  OS  many  are  from  the  main  entries  as  from  other  entries. 
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TEMPERATURE  OF  COIL,  'C, 

curves  tw  all  saniptea  trom  mlae  Na  BS. 


If  tiie  pressures  developed  by  the  20-mesh  and  the  200-mesb  parts 
uid  by  the  parte  of  the  road  dusts  ground  to  pass  a  200-me9h  screen 
be  compared  with  the  pressures  developed  by  similar  parts  of  the 
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rib  dusts,  it  will  be  found  that  in  every  case  the  rib  dusts  were  the 
more  inflammable.  And  the  difference  is  in  the  direction  one  should 
expect  from  the  difference  in  the  ash  content. 

Although  the  laboratory  tests  dempnstrate  clearly  that  in  general 
the  road  dusts  of  Illinois  mines,  when  ground  to  pass  a  200-mesh 
screen,  are  capable  of  forming  an  explosive  mixture  with  air,  the 
results  of  the  tests  of  the  ungroxmd  dusts  are  not  so  conclusive.  It 
would  be  wrong  to  conclude  from  the  low  pressures  developed  by  the 
imground  samples  of  road  dust  that  road  dusts  are  not  capable  of 
taking  part  in  explosions.  Dusts  that  are  too  coarse  to  produce  an 
explosion  in  the  laboratory  may  propagate  an  explosion  in  a  mine. 
In  experiments  in  the  large  steel  explosion  gallery  of  the  bureau's  Pitts- 
burgh experiment  station,  dust  through  a  40-mesh  and  over  a  60-mesh 
screen  propagated  an  explosion  the  entire  length  of  the  gallery.^ 

To  show  the  relation  between  the  inflammability  of  the  several 
kinds  of  samples  collected  in  each  mine,  inflammability  curves  for 
all  of  the  samples  from  each  one  of  a  number  of  different  mines  have 
been  drawn  on  the  same  sheet.  These  curves  are  shown  in  figures 
9  to  15,  inclusive. 

INFLAMMABILITY  OF  DTTSTS  OF  EIGHT  DISTRICTS. 

In  the  paragraphs  immediately  preceding,  the  results  of  the  study 
of  the  inflammability  of  the  dusts  of  Illinois  mines  have  been  con- 
sidered without  regard  to  the  geographical  situation  of  the  mines. 
Inasmuch  as  different  beds  of  coal  are  worked  in  different  districts 
of  the  State,  and  by  different  methods  of  nuning,  it  is  reasonable  to 
expect  dusts  from  these  districts  to  differ  in  mflammability. 

To  facilitate  the  comparison  of  the  dusts  of  the  various  districts, 
the  more  important  of  the  data  contained  in  Tables  1,  2,  and  3  have 
been  assembled  in  Table  4,  in  which  the  results  are  arranged  in  groups 
by  districts.  The  pressures  reported  in  the  table  were  all  obtained  at 
a  coil  temperature  of  1,200°  C. 

a  See  Rioe«  G.  S.,  and  othen.  The  eTjIoBihlHty  of  ooai  dpgt:  BolL  20,  Boreaa  of  Mines,  p.  43. 
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DISTRICT    1. 

District  1  includes  Bureau,  Grundy,  La  Salle,  Livin^ton,  Marshall, 
Putnam,  and  Will  Counties,  and  part  of  Woodford  County.  The 
No.  2  seam  is  worked  in  the  district.  The  coal  is  highly  inflamma- 
ble, the  average  pressure,  8.4  pounds,  being  with  one  exception, 
the  highest  developed  in  the  samples  from  the  eight  districts.  The 
average  volatile-matter  content,  40.66  per  cent,  of  the  face  samples 
is  higher  than  that  of  any  other  district. 

All  of  the  so-called  ' 'room  samples''  of  rib  oust  were  brushed  from 
the  fresh  working  face,  and  consisted  therefore,  probably,  for  the  most 
part  of  freshly  formed  dust.  Most  of  the  dusts  when  ground  to  pass 
a  200-mesh  sieve  proved  to  be  only  slightly  less  inflammable  than  the 
face  samples,  and  only  one  of  them  developed  a  pressure  of  less  than 
0.5  pound.  The  200-me8h  parts  of  each  of  the  original  rib-dust 
samples — that  is,  the  part  of  the  sample  that  passed  a  200-mesh  sieve — 
on  the  average  developed  somewhat  less  pressure  than  similar 
samples  from  other  districts.  One-half  of  them  developed  a  pressure 
of  less  than  0.5  pound.  None  of  the  20-mesh  samples  developed  a 
pressure  of  more  than  0.2  pound.  Compared  with  other  districts, 
the  unground  parts  of  the  room  samples  of  rib  dust  were  decidedly- 
less  inflammable.  This  difference  may  in  part  be  due  to  the  smaller 
proportion  of  fine  dust  particles  in  the  samples  from  district  1,  The 
proportion  of  dust  in  room  samples  of  rib  dust  fine  enough  to  pass  a 
200-mesh  screen  averaged,  in  district  1,  5.96  per  cent,  whereas  the 
average  for  other  districts  ranged  from  10.8  to  13.4  per  cent,  and  in 
one  district  was  as  high  as  31.8  per  cent. 

As  one  should  expect  from  the  method  of  mining  Gong-wall)  em- 
ployed in  district  1,  the  dusts  collected  in  the  haiilageways  there  were 
high  in  ash,  and  most  of  them  did  not  ignite  in  the  infiammabihty 
apparatus.  None  of  the  200-mesh  portions  of  the  original  rib-dust 
samples  from  the  entries  developed  a  pressure  of  more  than  0.2  pound, 
two  of  the  ground  samples  developed  relatively  high  pressures,  one 
groimd  sample  developed  a  pressure  of  0.2  pound,  and  the  remaining 
samples  produced  no  pressure. 

The  average  ash  content  of  the  road-dust  samples  was  about  10 
per  cent  lower  than  that  of  the  rib  dusts  from  the  entries,  and  a 
greater  proportion  of  them  developed  appreciable  pressures  in  the 
inflammability  apparatus.  About  one-third  of  the  ground  road-dust 
samples  developed  pressures  greater  than  0.5  pound.  The  infiamma- 
bihty of  the  road  dust  of  this  distnct  is  doubtless  due  to  coal  that 
falls  from  the  car,  as  no  coal  is  in  place  along  the  entries.  A  blown- 
out  shot  or  a  gas  explosion  in  a  mine  would  presmnably  act  on  both 
rib  dust  and  road  dust,  and  therefore  these  dusts  must  be  considered 
collectively.  As,  in  50  years  of  working,  an  explosion  other  than  a 
pocket  of  gas  has  never  been  reported  from  the  Illinois  long-wall 
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field,  the  presumptioa  is  that  the  entries  do  not  contain  enough 
Mammable  dust  to  present  the  dangers  of  propagating  an  explosion. 

DISTRICT  2. 

District  2  includes  Jackson  County,  where  the  No.  2  seam  is  worked. 
Kib  and  road  dusts  were  sampled  in  four  mines  in  the  district,  and 
face  samples  were  obtained  from  five  mines.  The  average  content  of 
volatile  matter  for  the  five  mines  was  34.25  per  cent,  which  was 
lower  than  that  of  any  other  district.  The  inflammability  of  the 
face  samples  was  also  the  lowest  of  the  eight  districts,  the  average 
pressure  at  1,200°  C.  being  5.8  pounds. 

The  samples  of  rib  dusts  from  the  rooms  and  secondary  haulage- 
ways  of  all  four  mines  were  highly  inflammable.  Only  two  rib  dusts 
from  main  haulageways  were  studied  and  both  of  these  developed  low 
pressures.  Of  the  six  road  dusts  tested,  two  from  secondary  haul- 
ageways and  one  from  a  main  entry  were  highly  inflammable;  a 
fourth  developed  a  pressure  of  0.5  poimd,  and  two  developed  pressures 
less  than  0.5  pound. 

DISTRICT  3. 

District  3  includes  Brown,  Calhoun,  Cass,  Fulton,  Greene,  Han- 
cock, Henry,  Jersey,  Kjiox,  McDonough,  Mercor,  Morgan,  Rock 
Island,  Schuyler,  Scott,  and  Warren  Counties.  Seams  1  and  2  are 
worked  in  the  district. 

So  far  as  face  samples  were  concerned,  district  3  stood  second  in 
the  content  of  volatile  matter,  the  average  value  for  the  five  mines 
sampled  being  40.39  per  cent.  The  samples  of  the  district  were 
third  in  relative  inflammability. 

All  of  the  rib  dusts  studied,  which  were  limited  to  samples  from 
the  rooms  and  minor  entries,  were  decidedly  inflammable.  The 
road  dusts  were  high  in  ash  and  relatively  low  in  inflammabiUty. 
Out  of  six  samples  four  developed  a  pressure  of  0.5  poimd  or  more. 
None  of  them  produced  a  pressure  higher  than  1  pound. 

Although  the  rib  dusts  of  this  district  are  unusually  inflammable, 
the  road  dusts  contain  a  large  proportion  of  inert  material  and  are 
much  less  inflammable  than  those  of  other  parts  of  the  State.  As 
the  mines  are  near  the  surface,  the  dusts  are  wet  and  therefore  in 
their  present  condition  not  dangerous. 

DISTRICT  4. 

District  4  embraces  Dewitt,  Fulton,  Logan,  Macon,  Mason,  McLean, 
Menard,  Peoria,  and  Tazewell  Counties,  and  parts  of  Sangamon  and 
Woodford  Counties.     No.  5  seam  is  worked. 

The  face  and  the  rib-dust  samples  of  district  4  were  nearly  identical 
in  composition  and  inflammability  with  those  from  district  3.  All 
of  the  rib  dusts  from  the  rooms  and  secondary  entries  except  those 
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from  mine  42  developed  pressures  of  0.6  pound  or  more.  With  few- 
exceptions  the  pressures  were  high.  The  average  pressure  for  all  rib- 
dust  samples,  including  those  from  the  main  entries,  was  5.1  pounds. 

Most  of  the  road  dusts  from  district  4,  unlike  those  from  district  3, 
were  decidedly  inflammable.  Eighty  per  cent  of  the  road  dusts 
developed  pressures  of  0.5  pound  or  more. 

In  1915  an  explosion  occurred  at  one  of  the  mines  in  the  district^ 
the  flame  traveling  a  distance  of  1,000  to  1,200  feet  from  the  origin, 
being  extinguished  when  it  reached  the  main  haidage  road. 

DISTRICT   5. 

District  5  includes  Gallatin  and  Saline  Counties,  and  the  district 
embraces  seven  mines.  Seam  No.  5  is  worked.  According  to  the 
tests  of  the  face  samples  the  coal  of  this  district  is  somewhat  below 
the  average  of  the  coal  of  the  State  in  volatile  matter  and  sligjitly 
below  the  average  in  inflammability.  About  two-thirds  of  the  rib 
dusts  developed  pressures  of  0.5  pound  or  more.  Eighty  per  cent  of 
the  samples  of  road  dusts  were  found  to  be  inflammable  when  ground 
to  200-mesh  size.  Five  out  of  nine  of  the  200-mesh  parts  developed 
pressures  greater  than  1  pound. 

DISTRICT  6. 

District  6  includes  Franklin  County  and  parts  of  Jackson,  Perry, 
and  Williamson  Counties.  Seam  6,  east  of  Duquoin  anticline,  is 
worked. 

The  coal  from  district  6  is  relatively  low  in  inflammability,  as  well 
as  in  the  content  of  volatile  matter,  the  average  values  being  a 
pressure  of  5.9  pounds  and  a  volatile-matter  content  of  35.35  per 
cent. 

The  inflammability  of  the  samples  of  mine  dusts  from  the  district 
was  exceptionally  high.  Out  of  44  samples  of  rib  dust  tested,  all  but 
one  developed  a  pressm^o  of  0.5  poimd  and  more.  Thirteen  out  of  14 
road  dusts  produced  pressures  in  excess  of  0.5  pound.  The  ash  con- 
tent of  the  mine  dusts  was  unusually  low,  the  average  values  being 
21.46  per  cent  for  the  rib  dusts  and  24.24  per  cent  for  the  road  dusts. 
The  practice  in  the  district  is  to  leave  the  top  coal  for  roof,  so  that 
a  low  ash  content  in  the  dusts  is  to  be  expected. 

The  proportion  of  inflammable  rib  and  road  dusts  is  greater  in 
district  6  than  in  the  mines  of  any  other  part  of  the  State.  In  this 
connection  attention  is  called  to  the  high  proportion  of  fine  dust  in 
the  rib  dusts  from  this  district.  An  average  of  30  per  cent  of  the 
samples  of  rib  dust  passed  through  a  200-mesh  screen.  The  pro- 
portion of  fine  dust  actually  present  in  the  mines  is  probably  greater 
than  30  per  cent,  because,  on  accoimt  of  the  high  velocity  of  the 
ventilating  currents  in  the  district,  part  of  the  finest  dust  was  lost  in 
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sampling.  That  the  mine  dusts  df  the  district  are  of  a  dangerous 
character  is  confirmed  by  the  fact  that  in  1914  on  extensive  and 
disastrous  explosion  occiured  in  one  of  the  mines  of  the  district. 

DISTRICT  7. 

District  7  includes  Bond,  Christian,  Clinton,  Fayette,  Macoupin, 
Madison,  Marion,  Montgomery,  Moultrie,  Perry,  Randolph,  St.  Clair, 
Shelby,  and  Washington  Counties,  and  part  of  Sangamon  County. 
Seam  6,  west  of  the  Duquoin  anticline,  is  worked. 

The  face  samples  from  the  district  showed  about  the  average 
inflammability.  The  content  of  volatile  matter  was  somewhat 
higher  than  the  average,  and  the  calorific  value  somewhat  lower  than 
the  average  for  the  eight  districts.  Most  of  the  samples  of  rib  and 
road  dusts  developed  high  pressures.  However,  a  larger  proportion 
of  dusts  giving  a  pressure  less  than  0.5  poimd  was  found  in  district  7 
than  in  district  6.  In  district  7,  84  per  cent  of  the  rib  dusts  and 
practically  the  same  percentage  of  the  road  dusts  developed  a  pressure 
of  0.5  pound  or  more. 

DISTRICT  8. 

District  8  includes  Edgar  and  Venmlion  Coimties.  Seams  6  and  7 
are  worked  in  the  district. 

The  inflammability  of  the  face  samples  was  higher  than  that  of  the 
samples  from  any  other  district,  the  average  pressure  being  8.9 
pounds.    The  average  content  of  volatile  matter  was  40.22  per  cent. 

Three-fourths  of  the  groxmd  rib  dusts  developed  a  pressure  of 
0-5  pound  or  more,  and  most  of  these  developed  relatively  high 
pressures,  and  imder  favorable  conditions  would  have  given  rise  to 
explosions.  The  road-dust  samples  of  the  district  had  an  average 
ash  content  of  52  per  cent,  and  were  less  inflammable  than  those  of 
any  other  district.  Out  of  nine  groxmd  samples  four  developed  a 
pressure  greater  than  0.5  pound,  and  the  average  pressure  for  the 
samples  from  the  district  was  0.6  pound.  None  of  the  20-mesh  sam- 
ples developed  any  measurable  pressure,  and  none  of  the  200-mesh 
parts  of  the  imground  samples  developed  a  pressure  greater  than 
0.2  pound. 

A  graphic  comparison  of  the  relative  inflammabiUty  of  the  dusts 
from  the  different  districts  is  given  in  figures  16  to  22.  Figure  16 
comprises  a  map  of  Illinois  on  which  each  mine  included  in  the 
cooperative  investigation  is  represented  by  a  symbol  showing  the 
magnitude  of  the  presstire  developed  by  the  face  sample  with  a  coil 
temperature  of  1,200*^  C.  Figures  17  to  19  show  the  pressures  devel- 
oped by  the  rib  dusts,  and  figures  20  and  21  show  the  pressures 
developed  by  the  road  dusts. 
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FiaiTBE  16.— ICap  of  nilnois  showing  relative  inflammability  of  face  samples. 


INFLAMMABILITY  OF   DUSTS   OF   EIGHT  DISTRICTS. 


Gl 


as     fo      AS   9 
AS      to     sa 
Jit      fo      ^S 

4tS        ft9        SjS 

X4  sndMghsr 


PUTUXB  17.— Map  of  nUnofa  showinif  rdatiTe  Inflaxmnability  of  rib  dusts  from  rooms. 
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FiQTT&E  18.— Map  of  Illinois  showing  relative  inflammability  of  rib  dusts  from  secondary  haulage  roads. 
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nouBB  M^Map  of  minofa  ahowfaig  niUitiTe  inflammabflity  of  rib  dusts  from  main  haulage  roads. 
4523*'— Bull.  102—16—6 
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FiavsE  ao.— Map  of  Qllnols  showing  lelstive  Inflatnmability  of  road  dusts  from  seoondaiy  haulage  roads; 
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IteuSB  2Lr-l^  of  nUaobdtowtDig  nlattT^inflamxiiability  of  road  dusts  from  main  hsolage  loads. 
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BBLATIOXr  OF  INPT«ATtfMABn.TTY  TO  rTTKlffTflAT.  GOMPOSITON  OF 

COAL  DTTST. 

The  inflammability  of  coal  dust^  that  is^  the  readiness  with  which 
a  cloud  of  dust  inflames,  depends  on  the  chemical  and  physical 
properties  of  the  dust.  For  example,  the  finer  the  dust  particles  the 
more  readily  inflammable  will  be  the  cloud.  The  greater' the  con- 
tent of  inert  material,  as  ash  and  moisture,  the  lower  will  be  the 
inflammability.  Tlie  Tolatile  matter  of  a  given  coal  has  an  important 
bearing  on  its  inflammability.  Taffanel,^  in  his  gallery  tests  at 
Li6vin,  France,  found  that  the  greater  the  content  of  volatile  matter 
the  more  inflammable  was  the  dust.  From  laboratory  tests  on  a 
number  of  coals  differing  widely  in  volatile-matter  content,  the  same 
author^  found  that  ^'the  various  coals  tested,  fineness  and  purity 
beiog  equal,  are  approximately  classified  in  the  order  of  their  con- 
tent of  volatile  matter." 

The  British  explosions  in  mines  committee^  concluded  from 
laboratory  inflammabiUty  tests  that  ^'the  relative  inflammability 
does  not  depend  upon  the  'total  volatile  matter,'  but  on  the  relative 
ease  with  which  inflammable  gases  are  evolved.  The  order  of  in- 
flammability so  obtained  [by  their  laboratory  method]  corresponds 
in  a  remarkable  degree  with  the  percentage  of  inflammable  matter 
extracted  from  the  same  coals  by  pyridine." 

Althou^  the  Illinois  coals  are  all  of  the  same  type,  the  data  from 
the  imusually  lai^e  number  of  sampleSs  tested  offer  an  exceptional 
opportimity  for  studying  the  relation  between  inflammability  and 
chemical  composition.  In  order  to  determine  whether  a  quantitative 
relation  could  be  established  between  inflammability  and  the  volatile 
matter,  the  ash,  and  the  calorific  values  of  the  face  samples,  it  was 
assumed  lihat  the  relation  may  be  expressed  by  the  equation — 

P«A+BX volatile  matter- CXaah+DXB.  t.  u. 

in  which  P  is  the  pressure  developed  in  the  inflammability  tests 
with  a  coil  temperature  of  1,200*^  C,  and  A,  B,  C,  and  D  are  constants. 
The  values  of  these  constants  were  calculated  by  the  method  of  least 
squares  from  the  results  obtained  for  50  samples  selected  at  random. 
The  agreement  between  observed  values  of  P  and  values  calculated 
by  means  of  the  equation  thus  obtained  is  not  satisfactory. 

The  relation  between  inflammability  and  volatile-matter  content 
of  the  face  ftftrnplftg  is  shown  in  figure  22.  The  various  symbols 
used  to  designate  the  points  show  the  districts  from  which  the 

aTafbnel,  J.,  Txobiteie  a^rie  d'easab  sor  les  ftif^tT""**^****?  de  pousBi&raB;  imjduotiun  des  fioaps  de> 
poossiferas,  1010,  p.  807. 
h  Taftanel,  J.,  and  Dmr,  Jl.,  dnqniteie  sMa  d'«BBais  sur  les  tnflammatfana  de  {Moasftres;  Esaais  dtn 

flammablliU,  1911,  p.  46. 
e  Second  Report  to  the  Right  Hcnorabla  the  Beerataiy  of  State  for  the  Homa  l>epaitm«nt  of  the  Ezplo- 

sioDB  in  Mines  Committee,  1013,  p.  17. 
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samples  were  taken.  No  definite  relation  between  inflammability 
and  volatile-matter  content  is  shown.  There  is,  however,  a  decided 
tendency  for  the  inflammability  to  increase  as  the  percentage  of 
Tolatile  matter  increases. 

TBSTS  OF  INFTiAMMABniTTY  OF  BOAB  DTTSTS  BY  MODIFIED 

METHOD. 

As  previously  stated,  subsequent  to  the  completion  of  the  greater 
part  of  the  experiments  with  Illinois  dusts  it  was  found  that  dusts 
that  developed  no  measurable  pressure  in  the  laboratory  apparatus 
^ere  capable  of  propagating  an  explosion  in  the  experimental  mine 
of  the  Bureau  of  Mines.  The  laboratory  apparatus  and  method 
were  therefore  modified. 

Road  dusts  from  district  8  were  sampled  after  the  change  in  the 
laboratory  had  been  made,  and  portions  of  the  samples,  groxmd  to 
20Q-inesh  fineness,  were  sent  to  the  Fittsbui^h  laboratory  and  tested 
by  the  new  method.  The  pressure  figures  obtained  by  both  methods 
are  given  in  the  following  table: 

RetulU  ofinjkamnabihty  teats  of  road  dusts  fiom  district  8,  by  modified  method^  samples 

ground  to  tOO-mesh  fineness. 


Sample 
nmnbtf. 

TnflAnnnA^flf*^  nMMnwA  >kv — 

MiDe  nnmlMr. 

ReKOlar 
method. 

Modified  method. 

Group. 

• 

Coil 

tempera* 

tm«, 

i,aoo*c. 

Tube 
tempflra* 

tore, 
1,100*  c. 

Tube 
tempera- 
ture, 
1,200*  C. 

92 

1 
3 

1 
2 
1 
2 
2 
1 
1 

Lb9.ver 

l.d 
1.4 
LO 
.7 
.2 
.3 
.8 
.2 
.0 

Lb9,per 

W.  vA. 

7.3 

7.3 

7.4 

7.d 

.4 

1.7 

L3 

.4 

.2 

Lht.per 
4f .  tn. 

1 

91 

1 

91 

1 

97 

1 

97 

4.8 

2 

92 

1 

93 

1 

93 

4.6 

.7 

2 

96 

3 

# 

With  the  new  or  ^^ modified"  method,  dusts  may  be  classified 
according  to  their  inflammability  into  three  groups.  Group  1  includes 
all  dusts  that  can  be  ignited  by  a  blown-out  shot  and  give  rise  to 
an  explosion.  Group  2  includes  dusts  that  can  not  be  ignited  by  a 
blown-out  shot  and  give  rise  to  an  explosion,  but  may  propagate 
an  explosion  that  has  originated  in  a  more  inflammable  dust  or  in 
an  inflammable  gas  mixture.  Group  3  includes  dusts  that  will  not 
propagate  an  explosion. 

The  numbers  in  the  last  column  of  the  table  show  the  groups  to 
which  the  road  dusts  of  district  8  belong.     Six  of  them  would  give 
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rise  to  an  explosion  if  properly  ignited,  and  all  bat  one  would  propa- 
gate an  explosion. 

FBBVBIVTIVE  MBA8D1IE8. 

For  several  years  investigations  dealing  with  the  prevention  and 
arresting  of  dxist  explosions  have  been  conducted  under  the  direc- 
tion of  George  S.  Rice,  chief  mining  engineer  of  the  Bureau  of  Mines, 
and  are  not  yet  concluded.  As  a  result  of  the  experiments  a  number 
of  reconmiendations  have  been  made  regarding  the  measures  to  be 
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VOLATILE  MATTER  IN  AIR-DRIED  COAL,  PER  CENT. 
FiouBS  22.— Relation  between  volatfle  matter  and  inflammability  of  face  samples. 
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PREFACE. 

In  1912  the  Bureau  of  Mines  had  its  attention  called  ^o  the  value 
of  the  camotite  ore  of  Colorado  and  Utah  as  a  source  of  radium  and 
to  the  need  of  investigations  being  made  to  prevent  waste  of  low- 
grade  camotite,  to  enable  the  miner  to  receive  a  better  price  for  his 
product,  and  to  insure  the  profitable  recovery  of  the  highest  possible 
proportion  of  the  radium  ia  the  ore.  The  need  of  comprehensive 
research  was  iacreased  by  the  camotite  deposits  being  situated  on  pub- 
lic lands  and  constituting  the  largest  known  supplies  of  radiimi  ore  in 
the  world.  Fortimately  the  bureau  was  able  to  interest  Dr.  James 
Douglas,  of  New  York  City,  and  Dr.  Howard  A.  Kelly,  of  Baltimore, 
Md.,  who  wished  to  procure  a  supply  of  radium  for  use  in  the  treatment 
of  cancer  in  hospitals  with  which  they  were  connected.  The  sug- 
gestion was  made  that  they  form  a  radium  institute.  Accordingly, 
the  National  Radium  Institute  was  incorporated  for  the  purpose  of 
studying  the  best  methods  of  producing  uranium,  vanadiimi,  and 
radium,  and  the  mining  and  concentration  of  ores  from  which  these 
products  may  be  obtained  for  use  in  radimn  therapy. 

Subsequently,  at  the  suggestion  of  the  institute,  a  cooperative 
agreement  was  made  under  which  the  Bureau  of  Mines  undertook  to 
provide  the  services  of  skilled  chemists  and  mineral  technologists  for 
the  supervision  of  the  mining  and  concentrating  of  the  camotite,  and 
the  National  Radium  Institute  t^reed  to  furnish  the  necessary  funds 
for  mining  and  concentrating  a  sufficient  supply  of  ore  and  for 
recovering  from  it  the  radium,  uranium,  and  vanadium.  Under  this 
agreement  a  radium-recovery  plant  was  built  in  Denver,  Colo.  The 
plant  b^an  commercial  operation  in  June,  1914,  and  when  it  stopped 
work  in  January,  1917,  about  8i  grams  of  radium  had  been  extracted. 
The  cost  of  recovery  under  the  methods  devised  by  the  Bureau  of 
Mines  was  only  about  one-third  the  current  price  for  radium.  In 
addition,  methods  of  saving  the  uraniiun  and  vanadiiun  in  the  ores 
and  of  obtaining  the  metals  in  a  pure  state  were  perfected. 

The  agreement  between  the  National  Radiimi  Institute  and  the 
Bureau  of  Mines  expired  in  1916.  As  a  result  of  the  work  under  this 
agreement,  the  Bureau  of  Mines  has  been  able  not  only  to  demonstrate 
that  radium  can  be  produced  at  a  cost  much  less  than  the  selling 
price,  but  it  also  has  been  able  to  show  how  losses  in  mining  and 
concentrating  camotite  can  be  prevented  and  our  resources  of  this 
wonderful  element  conserved.    Finally,  for  an  expenditure  of  less 

7 


8  PREFACE. 

than  S38,000,  the  bureau  has  received  as  its  share  of  the  results  of 
the  cooperative  agreement  more  than  $100,000  worth  of  radium. 

The  work  of  the  Denver  plant  was  discussed  in  Bureau  of  Mines 
Bulletin  104.^  In  the  present  bulletin  K.  L.  Kithil,  mineral  technolo- 
gist;  and  J.  A.  Davis,  assistant  mining  engineer,  describe  the  methods 
used  in  mining  and  concentrating  the  camotite  treated  at  Denver. 
As  the  workable  camotite  deposits  of  Colorado  and  Utah,  though 
lying  near  the  surface,  are  relatively  small,  vary  greatly  in  richness, 
and  are  extremely  irregular  in  distribution,  methods  such  as  are 
ordinarily  used  for  prospecting  and  mining  shallow  deposits  have  to 
be  modified.  Also,  it  is  necessary  to  examine  the  ore  carefully,  sort 
it  closely,  a»d  frequ3ntiy  test  its  radium  content  with  the  electro- 
scope. Finally,  the  camotite  deposits  are  mostly  in  an  arid  region, 
where  water  for  any  purpose  is  scarce,  so  that  dry  rather  than  wet 
methods  of  concentration  must  be  used  at  most  places.  ^  Hence  the 
authors  have  given  detailed  information  in  regard  to  many  opera- 
tions that  might  receive  Httle  notice  in  an  accoimt  of  the  mining  of 
most  metals,  but  the  presentation  of  these  facts  in  regard  to  camo- 
tite is  necessary  because  of  their  bearing  on  profitable  mining  and 
concentration,  the  utilization  of  low-grade  ore,  and  the  prevention 

of  waste. 

Van.  H.  Manning, 

Director. 

a  Parsons,  C.  L.,  Moore,  R.  B.,  Llnd,  S.  C,  and  Schaefer,  O.  C,  Extraction  and  recovery  of  radium, 
uranium,  and  vanadium  from  camotite.    1915.    124  pp. 


MINING  AND  CONCENTRATION  OF  CARNOTITE  ORES. 


By  Kabl  L.  Etthil  and  John  A.  Davis. 


Chapter  I.  THE  MINING  OF  CARNOTITE  ORES  BY  THE 

NATIONAL  RADIUM  INSTITUTE. 

DISTRIBUTIOV  AVD  CHASACTEB  OF  CABVOTITE  DEPOSITS. 

The  principal  deposits  of  camotite,  so  far  as  now  known,  are  con- 
fined to  a  well-defined  area  lying  in  the  southwestern  part  of  Colo- 
rado and  the  southeastern  part  of  Utah  (see  PL  I).  Approxi- 
mately,  this  area  is  boimded  as  follows:  On  the  east  by  a  line  ex- 
tending from  a  few  miles  east  of  the  southwest  comer  of  the  State 
of  Colorado,  to  a  point  about  6  miles  west  of  Naturita,  thence  di- 
rectly north  to  the  San  Miguel  River,  thence  along  the  course  of  this 
river  and  the  Dolores  River  to  Mesa  Creek,  thence  toward  the  head- 
waters of  Mesa,  Blue,  and  Calamity  Creeks  on  the  south  side  of  the 
Uncompahgre  Mountains;  on  the  north  by  a  line  extending  from 
the  last-named  point  westerly  to  the  San  Rafael  Swell  near  Green 
River,  Utah;  on  the  west  by  a  line  extending  from  San  Rafael 
SweU  to  the  Henry  Mountains,  and  on  the  south  by  a  hne  extending 
from  the  Henry  Mountains  toward  the  southeast  comer  of  the  State 
of  Utah. 

This  area  includes  the  main  districts  wherein  camotite  has  been 
found,  claims  have  been  located,  and  the  ore  produced.  There  are 
of  course,  extensive  tracts  within  this  area  which  do  not  contain 
camotite  in  paying  quantities.  In  places  the  camotite  beds  have  been 
entirely  eroded  or  are  not  present,  or  lie  so  deep  that  mining  is  not 
practicable.  The  main  deposits  of  camotite  within  the  area  he  in 
different  districts  which  in  Colorado  are  as  follows:  Summit  and 
Bush  Canyons  in  Dolores  and  San  Miguel  Counties;  Mclntyre,  Gypsum 
Valley,  and  Bull  Canyon  districts ;  the  Paradox  Valley,  La  Sal  (>eek. 
Roc  Creek,  Long  Park,  Hieroglyphic,  Saucer  Basin,  and  Hydraulic 
districts  in  Montrose  Coimty;  Mesa,  Blue,  and  Calamity  Canyon 
districts  and  the  Gateway  area  in  Mesa  County.  The  included  dis- 
tricts in  Utah  are  as  follows:  The  Green  River  and  San  Rafael  Swell 
district  in  Garfield  County;  the  Thompson  deposits  in  Grand  County; 
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the  Dry  Valley^  Yellow  Wash;  and  Lisbon  Valley  districts  in  San 
Juan  County;  the  district  around  the  Henry  Mountains  in  Garfield 
County;  and  the  deposits  recently  reported  in  Montezuma  Canyon 
(south  of  Monticello)  in  San  Juan  County. 

Outside  of  the  area  described  there  are  scattered  deposits  north 
of  the  Denver  &  Rio  Grande  Railroad  at  Coal  Creek,  near  Meeker, 
Rio  Blanco  County;  along  SkuU  Creek  and  Red  Wash,  nearRangely, 
Routt  County;  on  Horse  Mountain,  near  Eagle,  Eagle  County, 
and  in  South  Park,  near  Garos,  in  Park  County,  Colo. 

The  claims  leased  from  the  Crucible  Steel  Mining  &  Milling  Co. 
by  the  National  Radium  Institute  are  situated  on  the  north  side  of 
East  Paradox  Valley,  in  the  Long  Park  and  Hydraulic  districts. 
The  National  Radium  Institute  has  mined  no  ore  except  from  its 
leased  claims  in  the  Long  Park  district. 

For  information  regarding  the  general  geology  of  the  region,  the 
probable  origin  of  the  ores,  and  descriptions  of  other  camotite 
deposits,  the  reader  is  referred  to  the  literature  ^  on  these  subjects. 

The  camotite  of  the  area  described  is  deposited  in  a  light-colored, 
cross-bedded  sandstone  that  lies  almost  horizontal  between  the  La 
Plata  formation  below  and  the  Dakota  sandstone  (conglomerate) 
above,  and  is  included  in  the  McElmo  formation,  which  is  of  Jurassic 
age.  Underlying  the  white  sandstone  of  the  La  Plata  is  the  Dolores 
formation,  or  "Red  Beds,"  which  is  plainly  visible  along  and  just 
below  the  rim  rocks  of  the  steep  canyon  walls  in  many  of  the  camotite 
districts.  Along  such  canyons  the  ore  crops  out  at  different  places, 
so  that  prospecting  is  comparatively  easy.  For  ore  on  the  benches 
and  on  the  mesa  prospecting  is  more  difficult,  especially  where  the 
ore  hes  at  some  depth  and  no  surface  indications  are  visible.  The 
camotite  deposits  are  flat,  lenticular,  and  irregular,  varying  greatly 
in  extent  and  thickness.  The  camotite  itself  forms  incrustations 
on  exposures  of  the  white  sandstone,  in  joints  and  fractures  of  the 
rock,  and  is  deposited  around  and  between  individual  sand  grains, 
replacing  the  original  cement.  The  Utah  and  Colorado  camotite  is 
amorphous,  and  to  the  naked  eye  appears  as  a  very  fine  yellow  pow- 
der. It  is  often  granular,  and  as  a  rule  can  be  readily  separated 
from  the  individual  sand  grains. 

o  Hillebnind,  W.  F.,  and  RanBome,  F.  L.,  On  cunotite  and  aasocdated  vanadlferoos  minerak  In  western 
Colorado:  U.  8.  Oeol.  Survey  BulL  262, 1905,  pp.  9-Zl.  Hlllebrand,  W.  F.,  and  Ransome,  F.  L.,  Camo- 
tite and  associated  minerals  in  western  Colorado:  Am.  Joor.  Sd.,  ser.  4,  vol.  10, 1900,  p.  134.  Fleok, 
Herman,  and  Haldane,  W.  G.,  A  study  of  tlie  vanadium  and  uranium  belts  of  seotlMrn  Gokirado:  Report 
State  Bureau  of  Mines,  Colorado,  1905-6,  pp.  47-115.  Boutwell,  J.  M.,  Vanadium  and  uranium  in  south- 
eastern Utah:  IT.  B.  Geol.  Survey  Bull.  200,  1906,  pp.  90O*2ia  Gale,  H.  8.,  OoRiotlte  In  Rio  Blanoo 
County,  Colo.:  U.  S.  Oeol.  Survey  BulL  316, 1907,  pp.  110-117.  Gale,  H.  8.,  Camotite  and  associated  min- 
erals in  western  Routt  County:  U.  S.  QeoL  Survey  BulL  340,  1908,  pp.  257-262.  Hess,  F.  L.,  Camotite 
near  Green  River,  Utah:  U.  8.  GeoL  Survey  Bull.  530, 1911,  pp.  161-164.  Moore,  R.  B.,  and  KitbQ,  K.  L., 
A  preliminary  report  on  uranium,  radium,  and  vanadium:  BulL  70,  Bureau  of  Mines,  1913,  100  pp. 
Hess,  F.  L.,  A  hjnpothesis  for  the  origin  of  the  camotite  of  Colorado  and  Utah:  Soon.  GeoL,  voL  9, 1914, 
pp.  675-688.  Kenmm,Che8terT.,  On  oanotite  deposits  and  the  Rand  banket:  lOn.  and  Sd.FreBB,  vol. 
110, 1915,  pp.  62(H)21. 
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Mnrnre  claiks  of  the  vatiovai  radiitm  ivstituts. 

LOCATION  OF  CUOMS. 

All  of  the  claims  mined  by  the  National  Radium  Institute  were 
leased  on  a  royalty  basis  from  the  Crucible  Steel  Mining  &  Milling 
Co.,  a  subsidiary  company  of  the  Crucible  Steel  Co.  of  America. 
Of  the  claims  leased,  1 1  were  in  or  near  Long  Park,  Montrose  County, 
Colo.,  6  were  in  the  Hydraulic  district,  Montrose  County,  and  10  were 
in  the  vidnity  of  Sawpit,  a  station  on  the  Rio  Grande  Southern 
Railway,  a  few  miles  west  of  Telluride,  San  Miguel  County.  The 
last-named  claims  contain  no  camotite,  but  vanadium  solely.  Of 
the  camotite  claims,  only  those  in  the  Long  Park  group  were  mined, 
all  the  ore  required  being  obtained  there. 

Long  Park  is  the  name  given  to  a  plateau  lying  north  of  East 
Paradox  Valley.  This  plateau  is  roughly  eUiptical  in  shape,  being 
about  three  and  a  half  miles  long  and  perhaps  a  mile  or  a  mile  and 
a  half  across  at  its  widest  part.  The  park  slopes  gently  northeast 
to  the  base  of  an  escarpment,  which  is  capped  by  Dakota  sand- 
stone, and  pierced  by  three  canyons  that  carry  the  drainage  from  the 
park  to  the  San  Miguel  River.  Toward  the  southwest  the  park 
rises  gradually  for  about  half  a  mile  to  the  crest  of  the  rim  of  East 
Paradox  Valley. 

The  camp  of  the  National  Radium  Institute  is  in  a  small  box 
canyon  at  the  extreme  western  end  of  the  park.  It  is  58  miles  from 
Flacerville,  the  nearest  railroad  station,  and  15f  miles  from  Naturita, 
the  nearest  town  and  post  office  on  the  road  to  Placerville.  The 
camp  buildii^  and  the  spring  are  on  the  Maggie  C  mill  site,  a  rec- 
tangular pieoe  of  ground  comprising  about  5  acres;  it  and  the 
Mag^e  0  lode  are  the  only  patented  claims  in  the  vicinity.  A 
view  of  the  camp  is  shown  in  Plate  VI,  A  (p.  48). 

The  Vanadite  and  Uranite  claims  are  nearest  the  camp.  The 
Vanadite  adjoins  the  mill  site,  as  shown  on  the  map  (fig.  1),  and  em- 
braces the  crest  and  rim  of  a  ridge,  or  hogback,  about  150  feet  high, 
capped  by  the  sandstone  that  usually  carries  the  camotite.  This 
ridge  forms  the  north  wall  of  the  canyon  in  which  the  camp  Ues. 
The  Uranite  claim  crosses  the  end  of  the  Vanadite  claim,  and  extends 
down  the  northern  slope  of  the  hogback.  Overlapping  the  end  of 
the  Uranite  and  roughly  parallel  to  the  Vanadite  claim  is  the  Henry 
Clay,  which  lies  wholly  on  the  north  slope  of  the  ridge. 

Of  all  the  claims  in  Long  Park  the  Maggie  C  is  the  most  important, 
as  it  hite  been  by  far  the  best  producer.  The  southern  end  of  this 
claim  is  on  the  level  floor  of  the  park,  one-quarter  of  a  mile  east  of  the 
mill  site  (see  fig.  1).  About  300  feet  from  its  southern  end  the  claim 
crosses  a  continuation,  about  25  or  30  feet  high,  of  the  ridge  on  which 
the  Vanadite,  Uranite,  and  Henry  Clay  claims  are  located.    From 
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the  crest  of  the  ridge  the  ground  slopes  gradually  for  about  500  feet 
to  a  guUy^  dry  except  in  storms,  running  nearly  at  right  angles  with 
the  axis  of  the  claim;  on  the  other  side  of  the  guUy  the  ground  rises 
over  another  low  ridge  and  then  slopes  downward  to  the  northern 
end  of  the  claim. 

The  Florence,  Nellie,  and  Great  Western  claims  (see  fig.  1)  are  not 
in  the  park  itself,  but  on  the  side  of  a  hill  in  the  drainage  area  of 
Hieroglyphic  Canyon.  The  Medea  claim  hes  on  a  low  spur  projecting 
into  the  southern  edge  of  the  park  about  2i  miles  from  the  camp. 
The  Dixie  claim  is  in  the  rim  rocks  of  East  Paradox  Valley  just  east 
of  the  extreme  eastern  end  of  the  park;  and  the  Buckeye  and  Noon- 
time claims  are  in  the  rim  rocks,  about  5  miles  from  the  camp^ 
along  the  road  to  Naturita. 
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FiamE  1.— Sketch  map  o  feome  of  the  claims  worked  by  the  National  Radium  Institute. 

DESCRIPTION  OF  THE  CULOCS. 


MAGOIE  C. 

The  ore  on  the  Maggie  C  claim  was  foimd  entirely  within  the  area 
between  the  low  ridge  and  the  gulley  described  aboTo,  and  at  a 
fairly  definite  geologic  horizon  embracing  10  to  15  feet  of  sandstone. 
The  main  body  of  the  ore  comprised  an  irregular  but  rather  elliptical 
pocket  measuring  about  350  feet  long  by  200  feet  wide  at  the^  widest 
part,  with  its  main  axis  trending  northeast.  Within  this  pocket  there 
were  three  places  near  which  the  ore  was  more  abundant  and  of  better 
grade  than  elsewhere.  The  largest  of  these  rich  spots  occupied  most 
of  the  southern  half  of  the  pocket;  and  is  indicated  by  the  large  open 
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cut  near  the  center  of  map  2  in  Plate  U.  This  cut  included  most 
of  the  productive  part  of  this  pocket,  althoxigh,  as  shown  on  map  3 
(PI.  n),  the  southern  limits  of  the  cut  were  later  somewhat  ex- 
tended. The  second  rich  spot,  although  rather  small,  was  rmnark- 
able  for  the  thickness  of  the  ore,  for  in  places  solid  shipping  ore 
3  and  4  feet  thick  extended  across  the  entire  face  of  the  development 
tunnels.        « 

This  area  is  best  shown  on  map  3  (PI.  11),  where  it  is  indicated  by 
the  dotted  lines  (representing  the  underground  work),  east  of  the  main 
open  cut.  The  narrow  open  cut  connecting  this  pocket  with  the 
first  contained  only  milling  ore,  and  very  little  of  that.  The  third 
large  pocket,  which  was  mined  by  tunneling  from  the  gulley,  is  also 
on^ined  in  map  3  (PI.  II).  Besides  the  three  large  pockets,  three 
snialler  ones  were  found  on  the  Maggie  C  (see  PI.  11),  two  along  the 
rim  rock  south  of  the  main  lens  and  one  near  the  entrance  to  the 
main  tunnel. 

Plate  n  clearly  shows  the  progress  of  development  and  mining. 
Map  1  indicates  the  amount  of  work  that  had  been  done  on  this  claim 
before  it  was  leased  to  the  National  Radium  Institute.  In  the  pros- 
pect pits  shown,  ore  was  foimd  within  a  few  feet  of  the  surface,  except 
at  X.  Map  2  shows  the  development  in  February,  1915.  Map  3 
shows  the  condition  of  work  on  October  15,  when  the  mining  of  ship- 
ping ore  for  the  year  1915  ceased.  All  of  the  pillars  of  the  tuonel 
had  then  been  drawn,  including  those  that  carried  milling  ore  only, 
and  the  pocket  had  been  connected  with  the  two  other  large  pockete. 
The  position  of  the  shafts  or  raises  for  light  and  air  is  indicated  on 
the  maps. 

The  production  of  ore  from  these  various  pockets  was  approxi- 
mately as  foUows:  Main  open  cut,  265  tons;  large  stope,  150  tons; 
tunnd,  210  tons;  small  pockets  on  rim,  8  tons;  small  pocket  on  gulley, 
10  tons;  other  underground  work  indicated  on  map  3,  7  tons. 

Plate  in  shows  a  vein  in  the  open-cut  workings  on  the  Maggie  C, 

FLORENCE. 

On  the  Florence  claim  the  main  ore  body  found  was  in  the  side 
of  a  small  gulley  that  crosses  the  claim  about  300  feet  from  its  eastern 
end.  Along  the  sides  of  this  gulley,  which  is  dry  except  in  storms, 
the  camotite-bearing  sandstone  outcrops;  but  the  ore  is  pockety 
and  varies  greatly  in  character.  On  the  east  side  of  the  gulley, 
near  the  north  line  of  the  claim,  a  ''bughole"  3  to  5  inches  in 
diameter  contained  some  high-grade  camotite.  This  ore  was  so 
moist  and  soft  when  first  opened  that  a  miner^s  spoon  could  be  pushed 
to  its  full  length  into  the  hole  without  difficulty.  On  exposure  to 
the  air  and  drying  this  high-grade  ore  became  somewhat  harder, 
but  could  9ti]l  bo  crumbled  readily  with  the  fingers.    Much  of  the 
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rock  suTTOundiiig  this  "bughole"  was  so  impregnated  with  camotite 
for  18  inches  or  2  feet  as  to  make  it  shipping  ore;  beyond  this  the 
sandstone  usually  showed  traces  of  uranium  and  yanadium,  but  was 
too  low  grade  to  be  milling  ore.    A  tunnel  driven  along  this  hole 
for  60  to  75  feet^  obtained  just  about  enough  ore  to  pay  expenses, 
but  found  no  considerable  pocket.    Farther  up  the  gulch  and  on 
the  same  side,  ore  of  entirely  different  appearance  was  fpund  as  thin 
bands  or  laminations  in  a  clearly  bedded  sandstone.    The  bands  of 
camotite  were  one  thirty Hsecond  of  an  inch  to  5  or  6  inches  across, 
the  extremely  thin  bands  being  nearly  pure  camotite  and  the  thicker 
ones  being  sandstone  so  impregnated  with  the  camotite  as  to  carry 
2i  to  Si  per  cent  UgOg.    The  sandstone  between  the  bands  of  car- 
notite  was  in  many  places  highly  impregnated  with  vanadium,  the 
whole  forming  a  mineralized   band  or  vein  2  or  8  inches  to  2 
feet  thick.    On  the  west  side  of  the  guUey,  about  halfway  between 
the  center  line  and  the  north  line  of  the  claim  there  was  a  ''bug^ 
hole"  similar  to  that  on  the  east  side  but  not  as  laige;  it  was  fol- 
lowed by  a  tunnel  for  about  25  feet,  when  the  ore  gradually  became 
laminated  and  banded,  and  widened  so  that  the  stops  measured  ap- 
proximately 20  by  30  feet.    At  the  far  end  of  this  stope  the  ore 
sloped  upward  sharply  and  was  exposed  in  the  creek  bed.    On  the 
mesa  west  of  the  gtdley  smaller  pockets,  similar  to  those  on  the 
Nellie  claim,  were  found  which  yielded  a  few  sacks  to  3  or  4  tons 
each,  but  a  large  proportion  of  the  ore  from  the  Florence  was  mined 
underground,  especially  in  the  tunnel  and  stope. 

The  Florence  claim  ranked  next  to  the  Maggie  C  in  productiveness, 
yielding  about  140  tons.  Work  on  the  claim  was  continuous  for  16 
months.  Much  of  the  ore  was  excellent  and  the  total  output  aver- 
aged, by  electroscopic  tests,  2.90  per  cent  Vfig 

NELLIE. 

On  the  Nellie  claim,  which  ranked  fourth  in  productiveness,  ther^ 
were  two  main  pockets,  each  of  which  produced  over  10  tons  of 
shipping  ore.  Both  pockets  were  near  the  surface  of  the  mesa,  the 
average  thickness  of  the  overburden  removed  being  only  about  3 
feet.  The  first  pocket  was  at  nearly  the  middle  of  the  daim,  and  the 
other  near  the  middle  of  the  east  half.  The  ore  from  these  pockets 
was  rather  above  the  average,  rarely  containing,  less  than  3  per  cent 
UsOs.  Extensive  prospecting  revealed  several  other  small  pockets 
which  produced  a  few  sacks  to  a  ton  or  so  each,  but  no  other  large 
paying  pockets,  although  the  many  small  outcrops  may  indicate  that 
more  extensive  development  might  prove  profitable.  Work  was 
carried  on  continuously  during  16  months  and  the  total  output  was 
about  42  tons,  which  averaged  higher  in  uranium  than  that  from  any 
of  the  other  claims  worked,  the  electroscopic  tests  showing  3.65  per 
cent  UaOj. 
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GREAT  WESTERN. 

On  the  Great  Westeni  claim  ore  was  mined  at  three  main  work- 
ings, the  first  lying  at  about  the  middle  of  the  north  half  of  the 
clami,  on  the  north  side  of  the  steep-sided  guUey  mentioned,  the 
second  heing  south  of  the  center  of  the  claim,  on  the  south  side  of 
tliis  guUejy  and  the  third  near  the  middle  of  the  south  half  of  the 
claim  but  higher  up  the  hillside  than  the  second. 

In  the  first  locality,  the  ore  formed  irregular  impregnations  in 
fairly  massive  sandstone.  Most  of  the  ore  was  near  the  outcrop 
and  was  mined  by  open  cut;  two  tunnels,  about  50  feet  and  30  feet 
in  length,  followed  more  or  less  well-defined  leads.  Several  other 
small  pockets  were  foimd  here  in  the  sandstone  outcrop  along  the 
rim  of  the  guUey ;  they  yielded  a  few  sacks  each,  and  the  rock  between 
was  entirely  barren.  The  total  production  from  this  locality  ^as 
approximately  30  tons  of  shipping  ore  and  a  small  quantity  of 
milling  ore. 

In  the  second  locality  ore  was  found  in  one  large  pocket  and  in  two 
smaller  ones  that  were  opened  in  prospecting  and  mined  through 
short  tunnels.  The  main  pocket,  which  yielded  about  30  tons  of 
shipping  ore,  was  abo  discovered  by  surface  prospecting,  but  a  cross- 
cut about  25  feet  long  was  driven  from  the  gulch  to  facilitate  mining. 
At  the  third  locahty  the  ore  was  found  in  a  loose  breccia,  different 
sized  pieces  of  camotite-bearing  sandstone  being  indiscriminately 
mixed  with  sand,  clay,  and  angular  fragments  of  barren  rock.  The 
mining  here  was  usually  by  small  open  cuts  that  followed  the  more 
finely  broken  material  around  the  larger  bowlders,  many  of  which 
weighed  more  than  10  tons.  In  the  winter,  when  the  ground  was 
frozen  and.siiow-covered,  the  ore  was  followed  by  small  timnels  or 
drifts  with  only  2  or  3  feet  of  cover.  The  ore  was  usually  good,  and 
numerous  pieces  carried  as  much  as  6  and  8  per  cent  U3O3.  In  spite 
of  the  irregular  distribution  of  the  ore,  which  necessitated  constant 
prospecting,  the  claim  was  worked  with  profit  during  the  17  months 
of  active  mining,  and  ranked  third  in  yield.  The  uraniimi  content 
of  the  ore  averaged  better  than  3  per  cent  U3O,. 

HENRY   CLAY. 

Although  the  Henry  Clay  claim  had  been  prospected  rather  exten- 
sively before  it  was  leased  by  the  National  Raditmi  Institute,  and 
promised  to  be  a  good  producer,  the  amoimt  of  ore  finally  discovered 
was  disappointing.  Two  prospect  holes  showed  considerable  vana- 
dimn  ore,  but  no  signs  of  uraniimi  ore  other  than  a  slight  yellow 
stain  along  joints.  The  principal  pocket  of  camotite  was  in  the 
bottom  and  along  the  sides  of  a  small  gulley  near  the  center  of  the 
daim.  This  pocket  measured  about  10  by  25  feet,  and  the  ore  was 
4  inches  to  1  foot  thick.  During  1915  about  10  tons  of  shipping  ore 
101193^— 17— Bull.  103 2 
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and  3  tons  of  milling  ore  were  taken  from  this  pocket.  Mining 
was  chiefly  by  open  cut,  although  a  little  camotite  was  found  neax 
the  edge  of  the  main  pocket  in  a  tunnel  driven  about  20  feet  on  a 
vanadium-bearing  lead  in  the  sandstone.  A  similar  tunnel  along  a 
similar  promising  lead  on  the  opposite  side  of  the  gulch  was  without 
result.  About  2i  tons  of  shipping  ore  and  5  tons  of  milling  ore  were 
obtained  from  a  small  pocket  discovered  about  150  feet  farther  up 
the  gulley  in  1915.  No  more  ore  was  found,  although  over  37  per 
cent  of  the  time  spent  in  work  on  this  claim  was  prospecting.  The 
uranium  content  of  the  ore  was  not  high. 

MEDEA. 

Three  pockets  of  ore  were  found  on  the  Medea  claim.  The  first 
had  been  opened,  before  the  claim  was  leased,  by  an  open  cut  about 
10  feet  long,  5  ffeet  wide,  and  8  feet  deep,  from  the  end  of  which  a 
tunnel  had  been  driven  for  perhaps  25  feet.  Several  tons  of  ore  were 
obtained  by  the  National  Radium  Institute  from  the  sides  of  the 
cut  and  by  stoping  in  the  tunnel.  This  ore  averaged  fairly  high  in 
vanadiuim,  but  only  a  little  better  than  2  per  cent  UaOg.  The  second 
pocket  was  discovered  about  75  feet  east,  in  the  same  ledge  of  sand- 
stone. This  pocket  was  found  at  the  surface,  but  it  soon  pitched 
downward,  and  was  followed  by  a  tunnel  about  15  feet,  when  it 
widened,  resulting  in  a  small  stope  measuring  12  by  15  feet.  The  ore 
from  this  stope  was  much  better  than  the  average  from  the  whole 
claim,  some  of  it  carrying  3.5  per  cent  UjO^.  In  this  stope  were 
foxmd  the  fissures  filled  with  calcium  vanadate  and  vanadic  oxide  ^ 
mentioned  on  page  44.  The  third  pocket  was  discovered  about  200 
feet  farther  east  along  the  ridge  and  was  also  opened  by  tunneling. 
It  proved  to  be  smaller  than  either  of  the  others.  After  this  tunnel 
had  been  driven  about  12  feet  the  ore  ran  so  near  the  surface  that 
the  roof  was  taken  down;  the  resulting  open  cut,  about  5  feet  wide 
and  7  feet  deep,  extended  some  15  feet  farther.  The  camotite  here 
was  above  the  average  in  vanadium,  but  rather  low  in  uranium.  Its 
color  was  decidedly  greenish-yellow,  and  the  impregnated  sandstone 
was  so  evenly  bedded  as  to  have  almost  the  appearance  of  shale. 

The  Medea  was  so  far  from  camp  and  the  ore  was  in  general  so 
poor  that  only  one  miner  was  steadily  employed,  who  worked  this 
claim  during  the  whole  or  a  part  of  10  of  the  17  months.  As  little 
prospecting  or  development  was  necessary  on  the  Medea,  the  output 
of  ore,  900  sacks,  was  excellent  for  the  amount  of  work  done.  This 
was  the  only  claim  of  the  group  worked  by  the  National  Radiiun  Insti- 
tute that  averaged  more  than  4  sacks  per  man  per  shift,  though  the 
cost  of  production,  which  included  the  upkeep  of  a  saddle  horse 
required  by  the  miner,  about  equals  that  on  the  Maggie  C. 

a  HlUebrand,  W.  F.,  Merwin,  H.  E.,  Wright,  F.  E.,  Hewettlte,  metahewettite,  and  pasoolte,  hydrous 
oaldnm  TBiiadAtes:  Proc.  Am.  Fhfl.  Soc.,  vol.  63, 1914,  pp.  81-64. 
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BUCKEYE  AND  NOONTIME. 

I>tirmg  assessment  work  for  1914  on  the  Buckeye  and  Noontime 
daims,  several  small  pockets  of  ore  were  discovered  and  mined,  pro- 
ducing in  all  about  8  tons  of  shipping  ore,  most  of  it  from  the  Buckeye. 
A  small  quantity  of  milling  ore  was  mined  and  stored. 

Most  of  the  ore  found  on  the  Bitter  Creek  claims  was  low  grade, 
and  because  of  their  distance  from  the  mill  and  their  relative  inac- 
cessibility no  attempt  has  been  made  to  treat  this  ore,  althoxigh 
it  remains  available  in  case  the  market  priqe  for  concentrates  should 
warrant  hauling  it  to  a  mill.  During  the  assessment  work  for  1915, 
only  275  pounds  of  ore  was  mined  from  these  two  claims.  Li  1914 
the  assessment  work  was  done  from  a  small  subsidiary  camp  situated 
on  Bitter  Creek,  the  gulley  previously  mentioned,  along  which'  the 
claims  are  located.  In  1915,  however,  the  miners  doing  assessment 
work  were  taken  to  Bitter  Creek  daily  from  the  main  camp. 

DIXIE. 

Although  the  Crucible  Steel  Co.  is  said  to  have  obtained  several 
sacks  of  high-grade  ore  from  two  "bugholes"  on  the  Dixie  claim,  the 
National  Radium  Institute,  after  weeks  of  diligent  prospecting,  was 
unable  to  find  any  ore  at  all.  The  most  promising  indication  was  a 
greenish-yellow  vanadium  stain  on  one  of  the  sandstone  ledges  over- 
looking East  Paradox  Valley,  but  a  tunnel  more  than  25  feet  long 
found  no  ore  there,  and  in  fact  no  other  indication  of  ore.  Under 
ordinary  circumstances  this  claim  would  have  been  promptly  dropped, 
but  as  the  terms  of  the  contract  required  the  National  Radium  Insti- 
tute to  perform  the  annual  assessment  work  on  all  unpatented  claims 
in  the  Long  Park  group,  the  prescribed  amoimt  of  such  work  was  spent 
in  careful  prospecting,  as  on  the  Uranite  and  the  Noontime. 

VAKABrrE. 

On  the  Vanadite  claim  the  chief  pocket  of  ore  found  was  in  the 
rimrock  of  the  main  ridge  above  the  camp.  The  pocket  extended 
along  the  face  of  the  cliff  about  30  feet;  it  was  opened  by  several 
short  tunnels  but  proved  very  shallow,  the  ore  invariably  giving  out 
at  10  or  12  feet  from  the  face  of  the  cliff.  This  ore  contained  more 
than  the  average  vanadium  content,  and  had  a  dark  greenish-gray 
•color.  The  uranium  and  the  vanadium  mineralization  was  in  more 
or  less  well-defined  alternate  bands.  Extensive  prospecting  revealed 
only  one  other  pocket  on  tins  claim,  a  small  lens  at  the  west  end 
which  was  taken  from  a  10-foot  tunnel.  The  total  production  was 
about  8  tons  of  shipping  ore  and  about  10  tons  of  milling  ore,  all 
produced  in  1914,  and  2  tons  of  miding  ore  mined  in  1915.  The 
urajuum  content  of  all  ore  from  this  claim  was  low, 
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USANFTE. 

On  the  Uranite  claim,  a  subsequent  location  to  both  the  Henry 
Clay  and  Vanadite  claims,  which  it  overlaps  (See  Plate  II,  page  14), 
the  annual  assessment  work  showed  no  ore  whatever,  either  of  milling 
or  shipping  grade,  in  any  part  of  this  claim  not  included  in  the  other 
two  claims. 

PBOSPECTIHG  THE  CLAIKS. 

As  the  camotite  ore  bodies  on  the  Long  Park  claims  were  invari- 
ably irregular  masses  or  pockets  rather  than  well-defined  veins  or 
strata  thorough  search  for  such  pockets  was  necessary.  Some  of  the 
ore  bodies  contained  only  a  few  hundred  pounds,  but  a  few  occar 
sionally  produced  as  much  as  100  tons,  although  the  latter  instances 
were  extremely  rare.  Hence,  to  insure  a  steady  supply  of  ore  required 
constant  prospecting.  Prospecting  started  when  the  National  Ra- 
dium Institute  b^an  work  and  continued  throughout  the  period  of 
production.  In  this  way  a  fairly  steady  output  was  maintained  in 
spite  of  the  patchy  and  irregular  distribution  of  the  ore  which  often 
gave  out  suddenly  at  any  one  working. 

Prospecting  methods  had  to  be  adapted  to  the  requirements  of 
each  claim  or  situation,  and  no  one  indication  could  be  followed 
with  the  certainty  of  finding  ore,  although  there  are  a  number  of 
signs  that  may  indicate  its  presence.  Perhaps  the  most  promising 
of  these  was  the  discoveiy  of  float,  either  a  piece  of  weathered,  shaly, 
rather  fine-grained  sandstone  impregnated  with  some  dark  gray- 
green  mineral,  or  a  piece  of  coarse-grained  sandstone  containing 
traces  of  camotite  and  vanadium  leached  or  otherwise  weathered. 
When  float  was  found,  the  customary  methods  of  prospecting  gen- 
erally led  to  finding  the  mother  ledge.  If  the  float  was  of  the  first 
mentioned  variety,  this  ledge  was  usually  a  black  band  of  mineralized 
sandstone  in  which  were  sometimes  seen  minute  grains  of  camotite. 
In  the  second  instance  the  grains  of  camotite  in  the  ledge  were  lai^er 
and  more  abxmdant,  often  giving  the  sandstone  a  yellow  tint.  In 
either  case,  however,  the  stirface  indications  had  to  be  followed  by 
a  test  pit,  open  cut,  shaft,  or  tunnel,  accordiog  to  the  topography, 
and  even  with  all  signs  favorable  the  presence  of  a  paying  body  of 
ore  could  not  be  predicted  with  any  accuracy.  On  one  claim  in 
particular  where  the  signs  seemed  very  promising,  weeks  of  pros- 
pecting uncovered  no  camotite. 

DRILLING. 

In  prospecting  claims  where  the  ore  was  commonly  found  dose  to 
the  surface,  a  hand  chum  drill  was  often  a  great  help.  In  using  this 
drill,  which  is  a  bar  of  driU  steel  12  to  14  feet  long  and  sharpened  at 
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1>oih.  ends,  a  vertical  hole  4  or  5  feet  deep  is  drilled  with  an  ordinary 
drill;  then  the  miner  inserts  the  long  drill  and  works  it  up  and  down,  the 
drillings  being  removed  with  a  acxaper.  With  this  simple  tool  it  was 
possible  to  drive  a  hole  8, 10,  or  12  feet  even  in  hard  sandstone.  The 
diief  disadvantage  Ues  in  the  somewhat  tmcertain  indications  of  the 
nature  of  the  strata  obtained  from  the  sludge.  Such  a  hole  can  not 
be  kept  very  clean,  so  that  the  exact  depth  of  any  ore  found  is  obr 
scored  by  the  partidee  of  ore  being  mixed  with  sludge  formed  in  drill- 
ing through  the  rock  above.  The  entrance  of  the  drill  into  the  rock 
below  the  ore  will  be  obscured  in  like  manner,  so  that  the  exact  thick- 
ness of  the  ore  body  can  not  be  determined.  Nevertheless,  the  chum 
drill  was  extremely  useful,  indicating  advantageous  places  atVhich 
to  sink  shafts  and  giving  approximately  the  probable  depth  to  ore. 

Where  the  number  of  workable  claims  and  the  amount  of  pros- 
pecting to  be  done  are  sufficient  to  warrant  the  extra  expense,  core 
drills  should  be  used.    There  are  a  number  of  core-drilling  machines 
on  the  market,  some  of  which  have  been  tried  by  one  company  work- 
ing claims  in  the  camotite  district,  with  results  said  to  be  satisfactory. 
The  advantages  of  the  core  drill,  which  brings  up  a  cylindrical 
section  of  the  strata  being  penetrated,  over  the  chum  drill  are 
obvious.    However,  the  irr^ular  and  pockety  nature  of  the  camotite 
ore  bodies  makes  even  core  drilling  uncertain  unless  the  holes  are 
closely  spaced,  for  otherwise  a  number  of  holes  on  a  daim  may 
miss  an  important  pocket.    On  the  other  hand,  core  drilling  should 
be  mudi  less  expensive  than  sinking  a  shaft,  no  matter  how  small, 
to  an  equivalent  depth.    Holes  30  and  40  feet  deep  were  obtained  by 
the  company  mentioned  above  and  in  the  absence  of  surface  indica- 
tions shafts  are  the  only  available  substitute  for  drill  holes.    One 
objection  to  using  a  core  drill  in  Long  Park  was  the  amount  of  water 
required.    The  authors  are  advised  that  about  60  gallons  a  day  were 
used  with  the  machine  mentioned  above,  in  addition  to  such  water 
as  could  be  coUei^ted  and  used  over  again.    Where  water  must  be 
hauled  even  for  drinking  and  cooking  purposes,  the  use  of  any  con- 
siderable amount  for  drilling  becomes  a  serious  consideration. 

OHABAOTEB  OF  BOCK. 

In  places  the  character  of  the  rock  was  a  good  indication.  The  ore 
was  usually  found  in  the  more  porous  parts  of  the  ore-bearing  sand- 
stone rather  than  in  the  close-grained  and  highly  indurated  parts, 
hence  the  nainers  did  not  expect  ore  when  the  rock  was  ''tight," 
but  its  beginning  to  ''loosen"  was  considered  a  good  sign.  The  ore 
was  often  found  near  and  below  a  sandstone  which,  upon  weathering, 
had  a  pecoUar  structure,  resembling  a  conglomerate  with  pebbles  the 
size  of  marbles.  This  appearance  may  have  been  due  to  differences 
in  the  cement,  the  softer  part  being  eroded  by  the  weather  and 
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leaving  the  harder  parts,  althotigh  no  difference  in  the  nature 
or  texture  of  the  unweathered  sandstone  was  visible.  Some  ore 
bodies  were  discovered  solely  through  the  presence  of  this  pseudo- 
conglomerate.  Calcite  was  often  closely  associated  with  tiie  ore, 
so  that  in  some  places  its  presence  led  to  the  discovery  of  ore.  Also 
carbonaceous  material  in  varying  amounts  was  generally  associated 
with  the  camotite,  and  often  served  as  an  indicator. 

Places  suitable  for  prospecting  were  sometimes  selected  solely  on 
account  of  the  strike  and  dip  of  the  strata,  although  the  irr^ular 
character  of  the  ore  bodies  frequently  made  this  method  uncertain. 
At  some  pla<5es  ore  showed  plainly  at  the  outcrop;  at  others  a  vana- 
dium stain,  grayish,  greenish,  or  black,  sometimes  led  to  ore  when 
properly  foUowed.  The  nearest  approach  to  an  actual  vein  was  dis- 
covered on  the  Florence  claim,  where  an  ore-bearing  stratum  was 
practically  continuous  for  150  to  200  feet.  On  the  Ma^e  C  the  ore- 
bearing  zone,  though  relatively  large,  was  not  continuous  or  along 
well-defined  planes,  as  prospecting  on  the  farther  side  of  the  Maggie  C 
gulley  failed  to  show  any  evidence  of  ore.  The  ore  dips  in  that 
direction,  however,  and  may  lie  too  deep  there  to  be  reached  except 
by  drilling. 

GBNEBAL  PBOCEDX7BB  IN  DELIMITINa  OBE  BODIES. 

In  short,  no  rule  in  prospecting  for  camotite  can  be  given,  except 
as  good  judgment  might  be  shown  in  choosing  a  favorable  situation, 
and  then  the  actual  location  of  an  ore  body  required  at  least  two  or 
three  days  and  often  several  weeks  of  continuous  work.  The  nature 
of  this  discovery  work  depended  naturally  on  the  topography  and  the 
probable  depth  of  the  ore-bearing  horizon.  On  the  Maggie  C  the 
groimd  sloped  gently  from  a  ridge  into  a  gulley,  and  the  ore,  which 
as  a  rule  dipped  slightly  more  than  the  surface  of  the  hillside,  was 
6  inches  to  12  feet  below  the  surface.  On  the  higher  ground  removing 
a  few  inches  of  soil  in  many  places  uncovered  t\ie  ore,  which  was 
found  literally  at  the  grass  roots.  Farther  down  the  slope  shallow 
pits,  often  supplemented  by  trenches,  were  dug.  At  still  greater . 
depths  shafts  were  simk  8,  10,  or  even  12  feet,  and  tunnels  were 
driven  into  the  face  of  the  gulley  to  reach  the  ore  from  below. 

On  the  Florence  and  Nellie  claims,  where  the  ore  was  near  the  sur- 
face, shallow  pits  and  trenches  were  dug.  Sometimes  where  the  surface 
soil  was  a  foot  or  so  in  depth  a  heavy  steel  bar  pointed  at  One  end  and 
having  a  hook  at  the  other  was  driven  down  to  bedrock  with  a  sledge 
and  then  pulled  up  by  means  of  the  hook.  A  small  charge  of  dyna- 
mite exploded  in  the  hole  loosened  the  surrounding  soil  and  f  aciHtated 
its  removal.  In  the  gulleys  most  of  the  prospecting  was  by  small 
tunnels,  about  4^  by  6  feet  in  cross  section.  In  two  instances, 
previously  mentioned,  these  followed  '*bug  holes"  or  channels  in  the 
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rock  caused  perhaps  by  a  fossil  tree  trunk  or  a  root,  which  had 
become  fiQed  with  high-grade  camotite.  In  places  the  sandstone 
surrounding  the  hole  was  impregnated  with  camotite,  forming  a  good 
shipping  ore,  to  a  depth  of  12  or  15  inches.  In  other  places  the  sur- 
rounding sandstone  was  barren. 

The  Great  Western  claim  covered  a  still  more  rugged  hillside  and 
a  gtdch,  and  much  of  the  prospecting  was  by  short  tunnels.  This 
claim,  however,  differed  from  all  the  others  in  that  a  considerable 
part  of  the  ore  was  found  at  a  depth  of  3  to  8  feet  in  the  partly  eroded 
brecciated  zone  of  a  horizontal,  or  nearly  horizontal,  fault.  This 
condition  made  prospecting  uncertain,  as  pieces  of  ore  were  mixed 
indiscriminately  with  rock,  sand,  and  clay,  and  there  were  no  reUable 
indications.  As  the  miners  said,  prospecting  was  like  looking  for 
potatoes  in  a  potato  patch  without  rows.  In  prospecting  this  part 
shallow  pits  or  trenches  were  dug  more  or  less  at  random. 

On  part  of  the  Vaaadite  claim  the  ore  occurred  beneath  the  edge 
of  a  sandstone  ledge  from  which  the  ground  sloped  abruptly.  Here 
prospecting  was  by  short  tunnels,  some  driven  through  the  talus  on 
the  slope  and  some  into  the  exposed  sandstone.  The  rest  of  the 
claim  presented  no  special  problems  of  prospecting. 

TIHE  DBVOTBD  TO  PB08FBCTIN0. 

The  first  table  following  shows  the  amount  of  time  devoted  to 
prospecting  and  assessment  work  on  each  claim  in  percentages  of  the 
total  number  of  8-hour  man-shifts  worked  each  month  on  the  entire 
group  of  claims.  An  average  of  14  per  cent  of  the  total  time  per 
month  was  spent  in  such  work,  the  amount  falling  off  appreciably  in 
midwinter.  On  the  four  largest  producers  the  averages  follow  in 
general  the  total  production,  except  that  more  prospecting  was  done 
on  the  NelUe  than  on  the  Great  Western,  whereas  more  development 
work  was  necessary  on  the  Nellie,  owing  to  the  topography. 

The  second  table  shows  what  percentage  of  the  monthly  nimiber 

of  shifts  worked  at  each  individual  claim  was  spent  in  prospecting; 

it  shows  that  relatively  much  less  prospecting  was  necessary  on  the 

Maggie  C,  where  the  ore  was  fairly  plentiful  and  reasonably  well 

defined  as  compared  with  the  Florence,  NeUie,  and  Great  Western, 

the  other  chief  producers.    This  table  shows  which  claims  were  steady 

producers  and  which  were  nonproductive,  that  is,  where  the  month's 

work  was  spent  in  prospecting,  such  as  the  Dixie  and  the  Uranite, 

and  those  on  which  4;he  ore  '^came  hard,"  as  on  the  Henry  Clay, 

Buckeye,  and  Vanadite.    On  the  Medea  two  or  three  small  pockets, 

varying  greatly  in  quality,  afforded  fairly  steady  work  for  one  man, 

thus  necessitating  relatively  little  prospecting.    The  figures  in  the 

table  may  be  taken  as  typical  for  a  small  group  of  camotite  claims  in 

the  r^on  under  consideration. 
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Time  spent  in  prospecting  and  assessment  work  on  each  daxm^  in  percenlages  of  total 

mining  shifts  per  mxmthfor  all  claims. 


Month. 

Ma^ie 

Flor- 
ence. 

Nellie. 

Great 
West- 
em. 

Henry 
Clay. 

Medea. 

Buck- 
eye 
and 
Noon- 
time. 

Dixie. 

Vana- 
dite. 

— _t 

Uia- 
nlte. 

TotaL 

1914. 
June 

1.5 
3.8 
1.-4 
.0 
1.0 
3.2 
7.0 

3.8 
1.5 
2.1 
3.5 
1.8 
4.8 
8.1 
5.0 
5.1 
3.4 

0.0 
1.6 
2.1 
.0 
.9 
2.7 
1.6 

.9 
1.1 

.5 
4.0 

.0 
3.1 
1.3 
3.4 
1.6 

.9 

0.0 
1.6 

.6. 

.0 
3.7 

1.5 

July 

1.0 
2.8 
.0 
1.7 
3.0 
1.9 

1.5 
.1 
.0 
1.6 
2.9 
3.3 
3.7 
5.1 
9.8 
7.8 

2.1 
2.4 
.0 
.2 
1.0 
3.7 

3.1 

1.2 

.0 

.6 

3.2 

6.6 

1.9 

.0 

5.7 

4.8 

a....... 

........ 

10.1 

August 

1.1 
.1 
.0 

10.4 

September 

October 

November 

0.0 
3.1 

""i'z 

3.8 

0.6 

3.4 

.2 

2.7 

"■'ii' 

3.9 
.3 

.7 
18.4 
17.8 

December.... 

.0 

17.2 

1915. 

January 

February 

9.3 

3.9 

-      ■  «         ■ 

3.1 
2.4 

5.7 

April 

3.2 

.3 

2.3 
2.0 
1.1 

3.5 
1.9 

21.4 

M^J 

11.8 

June 

2.3 
.0 
.1 

.8 

6.0 

27.2 

July 

15.0 

August 

September.... 
October 

.5 
.2 
.0 

14.1 

23.2 

13.2 

1 

30.1 

Average.. 

3.6 

2.7 

2.1 

1.5 

.7 

.1 

1.3 

.6 

.7 

.7 

14.0 

IHme  spent  in  prospecting  and  assessment  work  on  each  claims  in  percentages  of  total 

mining  shifts  per  month  for  each  claim. 


Month. 

Mugie 

Flor- 
ence. 

Nellie. 

Great 
West- 
em. 

Henry 
Clay. 

Medea. 

Buck- 
eye 
and 
Noon- 
time. 

Dixie. 

Vana- 
dite. 

Ura- 

nite. 

1914. 
June ....  . 

2.9 
6.1 
2.1 
.0 
1.7 
5.6 
10.4 

5.3 

2.1 

3.4 

6.5 

2.7 

1.3 

20.6 

17.1 

23.4 

18.6 

0.0 
12.8 
26.7 
.0 
16.6 
24.7 
17.7 

9.6 
10.3 

4.4 
35.3 
.0 
17.2 
11.9 
60.1 
40.0 

6.1 

0.0 

26.1 

35.0 

.0 

76.6 

^ 

July 

.46.3 
34.0 
.0 
28.2 
48.0 
63.6 

100.0 

1.0 

.0 

10.1 

28.2 

14.6 

12.2 

9.7 

18.0 

31.9 

27.0 
44.4 
.0 
13.3 
66.6 
37.0 

26.3 
21.1 

.0 

100.0 

58.1 

84.4 

28.1 

.0 
61.4 
18.6 

August.. 

43.3 

6.2 

.0 

September 

0.0 
44.0 

" 'ioo" 
100 

100.0 

77.3 

2.1 

66.5 

October 

100 

November 

100 

TVwember. . . 

"97.3* 

.0 

.0 

.0 

.0 

18.1 

100 

1915. 

■ 

Febrowy 

March 



100 

Aivil «.... 

May 

100 
100 
100 

100.0 
100.0 

100 

June 

IOOlO 

.0 

2.6 

20.0 

.'6' 

9.1 
.0 
.0 

100.0 

July 

K,. ...... 

August 

"     ' 

September 

October 

100.0 

' 

CONDITIOirS  GOVERiriirG  DEVELOPMEITT. 

The  11  claims  leased  by  the  National  Radium  Institute  may  be 
considered  a  normal  group^  as  the  Maggie  G^  an  excellent  producer, 
was  not  without  rivals;  and  three  of  the  claims  showed  no  ore  at  all, 
the  assessment  work  on  these  being  conducted  at  a  dead  loss  and 
continued  only  to  fulfill  the  terms  of  the  lease.  This  condition 
served  to  balance  the  proportionately  large  tonnage  mined  from  the 
Maggie  C.    The  table  on  page  40  shows  that  the  Maggie  C  produced 
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67  per  cent  of  the  total  sacks  of  ore  mined,  the  actual  figures  for 
tonnage  being  approximately  66^  per  cent.  Some  may  consider 
this  an  undue  proportion  from  one  of  a  group  of  11  claims,  and 
thereby  designate  the  Maggie  C  as  exceptional. 

However,  if  the  Maggie  C  had  not  produced  as  freely  as  it  did, 
more  extensive  work  would  undoubtedly  have  been  done  on  the 
other  leased  claims.  Although  this  claim  was  a  splendid  producer 
the  ore  did  not  come  easily,  for  the  development  work  probably 
exceeded  that  done  on  any  other  camotite  claim  in  the  district. 
None  of  the  Maggie  C  ore  was  of  very  high  grade,  much  of  it  barely 
av^eraging  2  per  cent  Vfi^,  while  56^  per  cent  of  it  was  from  under- 
ground work,  involving  planning,  uncertainty,  and  expens^.  On  a 
large  part  of  this  claim,  that  is,  the  north  side  of  the  guUey  and  the 
fiat  beyond  the  ridge,  no  ore  was  foiund. 

However,  if  the  Ma^e  C  and  the  three  unproductive  claims  be 
eliminated  and  the  Florence,  Nellie,  Henry  Clay,  Great  Western, 
Medea,  Buckeye,  and  Y anadite  claims  be  assumed  to  form  an  average 
group,  to  produce  from  these  seven  claims  quantity  of  ore  equal 
to  that  produced  from  the  11,  during  a  like  period  by  the  same 
nimiber  of  men,  would  have  required  about  20  such  claims.  This 
estimate  is,  of  course,  hypothetical  because,  with  more  men  at  work 
on  these  claims,  more  development  and  hence  a  much  larger  out- 
put is  to  be  expected.  As  the  development  of  the  camotite  dis- 
trict progresses  it  is  probable  that  a  number  of  clainis  as  productive 
as  the  Maggie  C  will  be  discovered;  in  fact,  several  claims  in  this 
district  have  yielded  a  far  larger  tonnage  than  the  average.  The  Joe 
Dandy,  on  the  south  rim  of  East  Paradox  Valley,  the  Cliff  mine  at 
Saucer  Basin,  and  the  Last  Chance,  in  the  Hydraulic  region,  with 
their  deposits  of  high-grade  ore,  are  ample  proof  that  claims  yielding 
a  laige  output  o€  camotite  are  not  exceptional. 

In  general,  however,  the  investor  in  camotite  mines  should  remem- 
ber that  a  few  scattered  claims  will  not  insure  the  continuous  or 
sufficient  ore  supply  necessary  to  run  a  radium-extraction  plant  or 
even  to  conduct  a  paying  mining  proposition.  At  least  20  claims, 
carefully  chosen,  will  be  necessary  for  a  safe  investment.  Also  the 
fact  that  a  claim  shows  an  outcrop  or  adjoins  a  known  producer  is 
not  conclusive  proof  of  its  excellence,  as  the  deposits  are  not  con- 
tinuous, nor  can  their  depth  in  any  instance  be  predicted.  Careful 
prospecting  and  development  work,  with  a  rough  outlining  of  possi- 
bilities and  some  idea  of  eventuahties,  should  precede  the  purchase. 

DEVELOPMElfT. 

Prospecting  comprised  searching  for  indications  of  ore  and  following 
these  by  open  cut,  chum  drill,  or  other  means.  Development  in- 
cluded following  a  lead  of  low-grade  ore  until  it  developed  into  a  work- 
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able  body  of  ore,  delimiting  the  ore  body  to  determine  its  possibilities, 
or,  sometimes,  driving  a  tunnel  or  open  cut  toward  a  known  body  of 
ore  otherwise  inaccessible. 

When  the  ore  lies  at  or  near  the  surface,  as  on  two  or  three  of  the 
Long  Park  claims,  it  can  be  easily  and  cheaply  opened  by  means  of  pits, 
shallow  shafts,  or  open  cuts.  The  woiking  place  being  well  lighted, 
it  is  possible  to  drill  and  blast  more  effectively  by  taking  advantage 
of  changes  of  direction  and  quality,  and  the  preliminary  sorting  of 
ore  from  waste  can  be  made  with  greater  accuracy.  It  is  almost 
impossible  to  sort  camotite  ore  by  artificial  light,  for  reasons  which  are 
explained  later.  Where  the  amount  of  cover  was  too  great  to  permit 
economical  removal,  mining  had  to  be  underground,  and  although 
excavation  was  somewhat  more  difficult,  the  protection  of  the  miner 
from  the  weather  and  the  fewer  interruptions  to  work  offered  some 
advantages.  During  midwinter  in  Colorado  and  Utah  the  frozen 
ground  makes  surface  mining  impracticable,  and  one  of  the  objects 
of  development  was  to  open  in  the  fall  suitable  undei^ound  places 
for  winter  work. 

With  surface  mining  there  is  less  need  of  development,  because  the 
miner  can  follow  and  delimit  the  ore  more  easily  and  handling  waste 
rock  is  simplified.  However,  some  development  work  is  necessary 
to  determine  the  disposition  of  waste  (in  order  to  avoid  covering 
up  possible  ore  bodies)  and  to  minimize  the  handling  of  waste  and 
ore.  To  this  end,  in  open-cut  work,  development  cuts  wide  enough 
for  a  wheelbarrow,  or  on  the  Maggie  C  a  mine  car  and  track,  were 
driven  along  one  side  of  the  ore  body.  Waste  could  then  be  piled 
against  the  barren  side  of  the  cut  and  the  cut  widened  until  the 
other  side  of  the  ore  body  was  reached.  This  method  saved  rehand- 
ling  waste  or  tramming  it  an  unnecessary  distance.  In  mining  a  large 
ore  body,  as  on  the  Maggie  C,  auxiliary  open  cuts  were  dug  at  inter- 
vals sufficient  to  provide  working  places,  and  a  fan-shaped  track 
system  was  laid.  With  the  ore  body  thus  defined,  the  handling  of 
waste  was  simplified  and  to  some  d^ree  the  irregular  character  of 
the  ore  deposit  overcome.  All  work  driven  along  the  side  of  the  deposit, 
whether  in  a  trench  or  underground,  was  called  development  tinless 
such  work  produced  a  normal  amount  of  shipping  ore — that  is, 
approximately  200  pounds  per  man  per  shift. 

Underground  development  work  was  required  in  order  to  limit  the 
ore  body,  to  provide  more  working  places,  and  also  to  provide  for 
the  advantageous  handling  of  waste.  Another  and  even  more  im- 
portant factor  in  underground  work  is  the  greater  cost  of  mining  in 
narrow  work  while  driving  the  tunnels  as  compared  with  that  of 
stoping  ore  blocked  out  by  tunnels  on  two  or  more  sides.  The 
cheapness  of  the  latter  method  well  repaid  driving  a  system  of  devel- 
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opment  tunnels  and  crosscuts  wherever  the  ore  body  proved  to  be 
of  noteworthy  size  or  unportance. 

One  feature  of  the  development  work  which  was  of  especial  advan- 
tage on  the  Maggie  C,  and  was  used  on  the  other  claims  where  con- 
ditions were  favorable  was  driving  raises  from  various  points  imder- 
groiind  to  the  surface  to  insure  good  light  and  air.  This  method, 
where  the  distance  to  the  surface  is  not  more  than  8  to  12  feet,  has 
many  advantages.  The  better  air  enables  the  men  to  work  to  the 
best  advantage,  the^  time  required  for  the  smoke  to  clear  after  blasting 
is  reduced  to  the  minimum,  and  most  important  of  all,  the  prelimi- 
nary sorting  of  the  ore  can  be  done  accurately  and  quickly  and  at 
the  working  place.  Experience  has  demonstrated  that  time  spent  in 
such  development  work  was  repaid  many  times. 

OPBN-OT7T  AND  TXJNNBL  WOBK  OOMPABBD. 

Choice  must  frequently  be  made  between  open-cut  and.  drift  in 
opening  or  developiog  a  lead  of  low-grade  camotite  ore.  It  is,  of 
course,  impossible  to  establish  arbitrarily  a  definite  point  at  which 
the  open  cut  is  preferable,  but  experience  has  shown  that  the  drifting 
or  tunneling  is  usually  preferable  wherever  the  overburden  is  more 
than  5  feet  thick.  At  times,  however,  a  tunnel  is  advisable  when 
the  overburden  is  thinner,  as,  for  instance,  when  the  waste  must  be 
carried  far  or  the  overburden  forms  naturally  or  through  freezing  a 
satisfactory  roof.  Obviously,  expensive  work  such  as  tunneling 
should  not  be  imdertaken  without  more  than  an  even  chance  of  its 
developing  enough  ore  to  pay  expenses  at  least.  Hence  in  the  course 
of  the  work  described  in  this  chapter,  development  tunnels  were 
never  started  except  to  drive,  usually  through  barren  rock,  to  a 
body  of  ore  that  had  been  located  by  prospecting  from  shafts  or 
pits,  or  to  follow  '*  bug  holes.'' 

Tlie  foUowing  table  shows  the  cost  of  driving  a  tunnel  on  the 
Ma^e  C  claim  through  barren  sandstone  to  reach  an  ore  body  dis- 
covered by  a  test  pit.  This  tunnel,  which  was  49  feet  long,  averaged 
4  feet  2  inches  wide  and  6  feet  2  inches  high.  Two  men  were  em- 
ployed during  the  day  and  one  man  part  of  the  time  at  night.  The 
waste  was  wheeled  in  barrows  15  to  40  feet  from  the  entrance.  A  slip 
or  joint-plane  in  the  rock,  which  was  followed  along  one  side  of  the 
timnel  for  the  entire  length,  was  of  much  advantage  in  blastiug. 
A  comparison  of  the  figures  for  driving  through  barren  sandstone 
with  the  figures  in  the  table  at  the  bottom  of  page  26  shows  the 
lesser  cost  driving  in  ore. 
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Cost,  exelutive  of  overhead  ehargeSy  of  driving  development  tunnel  in  barren  eandsicne  on 

Maggie  C  claim. 


(Tunnel  49  feet  long,  4  feet  2  Inches  wide,  and  6  feet  2  inches  high.) 

Item. 

Cost  per 

linear 

foot. 

Cost  per 

cubic 

foot. 

Total 
cost. 

Foreman , 

10.51 
2.94 
1.44 
.47 
.06 
.79 
.09 
.07 

90.018 
.105 
.052 
.017 
.002 
.028 
.003 
.003 

S2S.00 

MMng.  , 

144.00 

Mucking ,               , .                             

70.50 

BlAclnmithine 

23.19 

Gkuidtes r. 

2.55 

Powder 

38.48 

Fuse 

4.47 

Gaps 

3.57 

Total 

6.36 

.228 

311.76 

Instances  of  tunnels  driven  along  ''bug  holes"  are  the  main 
tunnel  on  the  Florence  claim,  where  the  small  amount  of  ore  removed 
just  about  paid  expenses  imtil  the  larger  pocket  was  encountered,  or 
those  on  the  Maggie  C  claim,  driven  through  milling  ore  too  low 
grade  for  sacking  and  shipment,  but  giving  promise  of  leading  to  a 
pocket  of  shipping  ore.  The  table  following  shows  the  cost  of  driving 
such  a  tunnel  78^  feet,  average  width  5  feet  9  inches,  mean  height 
5  feet  10^  inches.  One  miner  did  the  drilling  and  blasting,  although 
part  of  the  time  another  man  was  employed  shoveling  up  thQ  debris, 
and  wheeling  it  in  a  barrow  to  the  mouth  of  the  tunnel  and  tramming 
it  by  mine  car  about  175  or  200  feet  to  the  dump.  The  tunnel  was 
driven  for  the  most  part  through  milling  ore,  but  near  its  end  a 
pocket  of  shipping  ore  was  discovered  and  mined. 

Cost  of  driving  mining  tunnel  on  Maggie  C  claim. 
[Tiiimel  7^  feet  long,  5  feet  9  inches  wide,  5  feet  10)  inches  high.] 


Item. 

Cost  per 

linear 

foot 

Cost  per 
cubio 
foot. 

Total 
cost. 

Foreman 

10.190 
2.427 
1.146 
.223 
.027 
.266 
.042 
.035 

IOlOOSO 
.0718 
.0S39 
.0065 
.0008 
.0079 
.0012 
.0010 

915.62 

Mining 

190.50 

Maddng. '. '. [ i 

90.00 

BlflAksTnithinf; 

17.50 

Candles 

2.15 

Powder 

20.90 

Fuse 

3.30 

Caps 

2.75 

Total 

4.365 

.129 

342.72 

From  four  of  the  five  best  producing  deposits,  two  on  the  Maggie  C 
and  one  each  on  the  Florence  and  Great  Western,  most  of  the  ore 
was  mined  by  tunnel  and  stope,  and  approximately  60  per  cent  of 
the  total  production  was  from  underground  work. 
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TDEB  8PBNT  IK  DBVBIiOPMBNT  WOBJL 

TOTAL  TIME. 

The  writers  found  that  about  12  per  cent  of  the  total  time  spent 
on  all  TTiining  operations  was  profitably  employed  in  development. 
This  is  an  average  for  all  daims,  the  figures  varying  f 9>m  a  negli- 
gible quantity  on  claims  where  no  ore  was  discovered  to  8.4  per 
cent  on  the  Ma^e  C,  where  the  development  work  was  most  thor- 
ough and  systematic.  To  this  must  be  added  the  time  spent  in  min- 
ing milling  ore  and  charged  to  the  mill  account.  This  work  sometimes 
served  as  development  by  discovering  or  opening  i^>  pockets  of  ship- 
ping ore.  Comparison  of  the  following  table  with  the  table  of  ore 
produced  by  each  claim  (see  p.  40)  shows  a  relation  between  develop- 
ment and  production  that  deserves  serious  consideration. 

Pereentoffes  of  entire  mining  time  $pent  in  develojmient  work. 


If  oath. 

"^ 

Flor- 
ence. 

NeUe. 

Ormt 

Weet- 

em. 

Hemy 
Clay. 

Medea. 

Buck- 
eye and 
Noon- 
time. 

Dixie. 

Vana* 
dite. 

Ura. 
nfte. 

Total. 

1914. 

Iqiw.  . . . 

3u8 
12.8 

5.0 

.0 

11.1 

12.4 

1L2 

13.5 
8.6 
7,1 
13.0 
17.6 
5.5 
3.2 
3.2 
29 
3.5 

» 

ao 

25 
3.3 
.0 
2.1 
1.9 
2.5 

4.1 

3.6 

3.9 

1.4 

3.6 

.6 

.9 

.0 

.0 

.4 

0.0 
.5 
.2 
.0 
.8 

3.8 

July 

August 

0.4 
1.6 
.0 
2.9 
1.8 

.0 

.0 

.0 

.6 

.4 

.9 

.6 

L3 

5.1 

1.3 

0.8 
.9 
.0 

1.4 
.4' 
.6 

1.7 
.4 
.0 
.0 
.5 
.0 
.0 
.0 
.4 

22 

17.0 

0.0 
.0 
.2 

ILO 

September.... 

October 

November 

0.0 
.3 

'"6.0 
.0 

0.0 

.1 

1.3 

1.6 

""  6.'6" 
.0 
.0 

.0 
18.9 
17.8 

nenmber 

"".6" 

.0 
.0 
.4 
.3 
.2 

.0 

.2 
.8 
.6 
.0 

15.8 

1915. 

Jaonery 

February. .... 
March......  . 

19.5 

13.4 

.0 
.0 

11.6 

.iBtll 

.0 
.0 
.0 

.0 

.0 

15.0 

May.::::::.: 

22.1 

Jnne.    . 

"\'2' 
.2 
.2 
.0 

.0 

7.0 

July 

5.3 

Angost 

September.... 

5.0 

88 

October 

.0 

7.4 

Avenge. 

.     8-4 

1.0 

.5 

1.9 

.15 

.14 

.01 

.2 

12.0 

TIME   SPENT   ON   EACH   OF   THE  VARIOUS   CLAIMS. 

The  following  table  shows  the  percentage  of  the  actual  working 
time  spent  each  month  in  development  work  on  the  different  claims. 
On  the  Great  Western,  laid  on  a  hillside,  the  ore  bodies  were  usually 
small  and  irregultfr  and  relatively  more  time  was  spent  in  development 
than  on  the  Nellie.  The  relatively  extensive  development  on  the 
Vanadite  uncovered  chiefly  milling  ore.  On  the  Nellie  low-grade 
ore  was  widely  distributed,  but  no  large  body  of  shipping  ore  was 
uncovered.  The  Maggie  C  (see  PI.  II,  p.  14)  was  the  most  extensively 
developed,  being  opened  on  thre^  levels,  by  open  cuts,  stope,  and 
tunnel. 
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Percentages  of  total  time  spent  in  development  work. 


Month. 

MiM^gie 

Flor- 
ence. 

Nellie. 

Great 
West- 
em. 

Henry 
Clay. 

Medea. 

Buok- 
eve  and 
Noon- 
time. 

Dixie. 

Vana- 
dite. 

Vn- 
nite. 

1914. 
JUTW *-  - 

7.3 

20.4 

7.0 

1^7 
21.2 
16.4 

18.7 
12.4 
11.3 
24.2 
26.5 
14.8 
8.0 
11.3 
13.6 
19.2 

0.0 
19.5 
42.3 
.0 
37.9 
17.7 
27.0 

48.6 

33.5 

34.3 

12.9 

43.2 

3.7 

7.7 

.0 

.0 

.3 

0.0 

8.3 

10.0 

.0 

1.7 

July 

19.5 
19.6 

.0 
46.9 
26.6 

.0 

.0 
.0 
.0 
3.9 
3.6 
3.9 
1.9 
2.4 
9.4 
5.4 

10.4 
16.9 
.0 
71.1 
22.2 
4.6 

14.1 

6.5 

.0 

.0 

8.5 

.0 

.0 

.0 

4.6 

8.4 

Aunist 

0.0 

.0 

25.0 

September 

0.0 
3.6 

'*"6.'6* 

.0 

0.0 
18.9 
15.6 
13.3 

October 

0.0 

November 

.0 

December 

.'6' 

.0 

12.0 

16.6 

12.5 

.0 

■Q 

1915. 

Jafiuiu-y.    . 

Pehniary i... 

March 

.0 

April 

.0 
.0 
.0 

.0 
.0 

.0 

iJRy 

Jiiiip    . 

.0 

10.0 

10.2 

20.0 

....  ./■. . 

""4.'8' 
3.0 
2.7 
.0 

.0 

July 

August 

September 

October 

.0 

REMOVIlSra  ORE. 

All  work  incidental  to  the  mining  of  shipping  ore,  its  sorting,  and 
preparation  for  shipment  is  included  under  *' removing  ore. "  In  car- 
notite  mining  the  waste  rock  and  the^  ore  are  always  removed  sepa- 
rately, to  prevent  the  mixing  of  ore  and  waste,  and  to  obviate  the 
shattering  of  the  ore,  and  consequent  loss  o{  camotite,  by  the  heavier 
charges  used  in  blasting  rock.  For  this  reason  the  tWo  operations 
constitute  separate,  though  related,  problems.  On  the  Maggie  C 
claim,  because  of  the  number  of  miners  employed  and  the  quantity  of 
ore  produced,  the  workmen  could  specialize  on  definite  types  of  work 
and  the  data  could  be  kept  in  more  detail.  The  following  table 
shows  the  proportion  of  time  required  at  this  claim  for  the  various 
mining  operations  included  under  ''removing  ore,"  such  as  mining 
and  sorting  the  ore,  and  filling,  sewing,  and  piling  sacks. 

Detailed  data  for  Maggie  C  claim  showing  percentage  of  entire  mining  lime  spent  in  various 

operations. 

Per  cent  of 
total  time. 

Prospecting 7. 6 

Development 14. 7 

Stripping .^ 19.8 

Mining * 24.0 

Mucking 17.6 

Sorting 7. 9 

Sewing  sacks 2. 6 

Filling  sacks 7 

Laying  track 8 

Packing  and  loading 5 

Piling  sacks 3 

Picking  dump 2.8 

Miscellaneous 6 
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The  work  in  mining  camotite  falls  naturally  into  two  classifica- 
tions :  Surface  work  and  underground  work.  Surface  mining  at  the 
claims  of  the  National  Radium  Institute  consisted  usually  of  gradu- 
ally enlarging,  as  the  ore  body  was  followed,  the  pits  or  trenches; 
the  tmderground  work  consisted  of  tunneling  and  stoping.  In  both 
classes  of  work  the  drilling  and  blasting  methods  were  much  the  same, 
although  of  course  more  simple  in  surface  work  than  underground. 
Also,  as  the  preliminary  sorting  of  waste  rock  from  ore  was  much  more 
difficult  imderground,  it  was  almost  always  necessary  to  bring  the 
ore  to  daylight  before  sorting  it. 

DBILIilNa  AND  BLASTINa. 

In  all  camotite  mining  hand  drilling  is  employed  exclusively. 
On  the  claims  of  the  National  Radium  Institute  each  miner  drilled 
and  blasted  his  own  holes.  The  single-jack  or  striking  hammer 
used  weighed  about  3}  pounds  and  had  two  striking  faces;  the 
handle  was  about  14  inches  long. 

The  drills  were  made  of  octagonal  steel.  At  first,  J-inch  steel  was 
purchased.  It  gave  excellent  results,  but  subsequent  tests  showed 
that  If-inch  steel  was  just  as  durable  and  efficient,  and  had  the 
advantages  of  lower  first  cost  and  easier  transportation  from  the 
blacksmith  shop  on  the  Maggie  C  to  the  other  claims.  Both  sizes 
of  steel  were  sharpened  to  a  chisel  edge.  Usually  the  steel  was  cut 
into  four  lei^hs:  Starters  18  inches,  seconds  24  inches,  thirds  30 
inches,  and  fourths  36  inches,  although  for  deeper  holes  drills  48 
and  60  inches  long  were  sometimes  made.  The  gage  of  cutting  edge 
for  each  length  was  the  same  for  both  weights  of  steel,  that  of  the 
starters  being  1^  inches,  seconds  1^  inches,  and  thirds  and  fourths 
1  inch. 

Drill  holes  were  ordinarily  2  to  2i  feet  deep.  The  sandstone  varied 
in  hardness,  and  the  rate  of  drilling  the  waste  rock  was  governed 
largely  by  its  hardness  and  the  presence  or  absence  of  black  vana- 
dium ore.  Milling  or  low-grade  ore  was  usually  softer  than  the 
waste  and  the  shipping  ore  was  invariably  softer  than  either.  The 
average  speed  of  drilling  in  waste  rock  was  37  inches  an  hour,  in 
nulling  ore  42  inches  an  hour,  and  in  shipping  ore  the  rate  was  slightly 
more.  In  surface  work  the  rate  of  drilling  naturally  averaged 
slightly  higher  than  in  underground. 

The  placing  and  direction  of  the  holes  were  governed  by  the  condi- 
tions at  the  workmg  face,  advantage  being  taken  of  any  ''slips"  or 
joint  planes  or  of  any  benches  or  other  free  surface  left  from  a  pre- 
vious blast.  Even  in  the  tunnel  work  any  fixed  arrangement  or 
round  of  holes  was  not  practicable,  though  usually  possible  in  other 
mining.  Camotite  ore  is  so  friable  that  the  minimum  shock  that 
will  loosen  the  ore  is  desirable,  in  order  to  prevent  finely  broken  ore 
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being  lost  in  the  debris,  and  the  hand  drilling  permits  much  greater^ 
elasticity  of  arrangement  than  the  use  of  machine  drills.  On  the 
average,  two  holes  per  shift  per  man  were  sufficient  to  shatter  and 
loosen  the  shipping  ore  so  that  it  could  be  broken  down  and  removed. 
In  the  tmderground  work  blasting  was  usually  done  either  at  noon 
or  at  the  end  of  the  day,  in  order  to  permit  the  smoke  to  clear  with 
the  least  possible  loss  of  time  by  the  miner.  In  blasting  ore,  after 
the  drill  holes  were  finished  and  before  they  were  loaded,  the  floor 
for  some  distance  from  the  face  was  carefully  cleaned  of  waste,  and 
was  then  either  swept  with  a  broom,  or  a  sheet  of  canvas  was  laid 
on  it  to  catch  the  fine  soft  material  which  was  most  valuable  and 
most  easily  lost. 

EXPLOSIVE  AND  FUSE   USED. 

All  blasting  was  done  with  gelatin  dynamite  of  40  per  cent  strength. 
No  experiments  were  made  with  dynamite  of  other  grades  because 
of  poor  results  obtained  with  both  60  per  cent  and  30  per  cent 
strengths  elsewhere.  The  average  chaise  in  mining  shipping  ore 
varied  from  three-fourths  to  one  stick  per  hole,  according  to  the 
quality  of  the  ore;  in  blasting  waste  the  charge  was  one  and  three- 
fourths  to  two  sticks  per  hole;  in  prospecting  and  development 
work  the  average  was  sometimes  higher.  White-finished  gutta 
percha  fuse  was  used.  Some  difficulty  was  experienced  during  the 
winter  months  in  persuading  the  miners  that  cold  fuse  should  not 
be  handled  roughly  and  should  be  warmed  before  being  uncoiled  for 
use.  The  amount  used  per  hole  varied,  but  the  minimum  length 
permitted  was  2  feet,  as  nearly  as  the  miner  could  estimate.  No.  6 
detonators  were  found  much  superior  to  No.  5  detonators  in  lessen- 
ing the  number  of  missed  holes  and  increasing  the  breaking  power  of 
an  equal  charge  of  dynamite. 

SOBTma  AND  SACKIKa. 

After  blasting,  and,  if  undergroimd,  dose  inspection  of  the  roof, 
the  scattered  pieces  of  shipping  ore  were  carefully  collected  by  the 
miner  and  placed  in  a  pile,  any  stray  pieces  of  waste  were  thrown  into 
another  pile,  and  the  low-grade  ore  or  milling  ore  into  another. 
The  miner  then  removed  with  pick  and  gad  all  ore  and  rock  loosened 
by  the  blast.  This  material  received  a  preliminary  sorting.  In 
surface  work,  and  in  underground  places  sufficiently  near  a  raise  for 
good  illumination,  three  products  were  made:  Shipping  ore,  milling 
ore,  and  waste.  Where  the  light  was  poor  the  material  was  sepa- 
rated iuto  only  two  grades,  ore  and  waste,  the  former  being  taken 
to  the  sorting  table  and  there  separated  into  shipping  and  miUiag 
ore.  On  claims  where  the  number  of  men  employed  made  it  practi- 
cable, the  shipping  ore  from  the  preliminary  sorting  was  taken  in 


MINING   OF  CAENOTITE  0KE8.  31 

empty  powder  boxes,  wheelbarrows,  or  mine  cars  to  the  sorting 
table,  where  another  workman  made  the  final  sorting  for  shipment. 
Qa  claims  where  only  one  or  two  men  were  employed  the  miners 
who,  of  course,  had  sufficient  experience  sorted  the  ore  for  shipment 
and  put  it  in  the  sacks,  which  they  sewed  at  convenient  times 

ILLUMINATION. 

Various  experiments  were  tried  to  discover  some  means  by  which 
camotite  ore  could  be  distinguished  undergroimd.  The  usual  method 
of  illumination  in  the  workings  was  the  ordinary  miner's  candle. 
By  candlelight  the  yellow  color  of  the  camotite  could  be  differen- 
tiated only  with  great  difficulty  from  the  white  or  gray  parts  of  the 
barren  rock,  as  well  as  from  the  dark  vanadium  ore  with  which  it 
usually  occurred,  making  it  practically  impossible  to  do  even  pre- 
liminary sorting.  Acetylene  lamps  gave  better  Uiumination,  but 
did  not  make  sorting  appreciably  easier,  nor  did  a  hand  electric 
flash  lamp  with  a  tungsten  filament  nor  an  incandescent  mantle 
gasolene  lamp.  Therefore  the  use  of  candles  was  continued,  and 
where  possible  the  ore  was  opened  in  such  a  way  as  to  permit  all  sort- 
ing to  be  done  by  dayhght.  Where  daylight  could  not  possibly  be 
obtained  near  the  working  face,  by  driving  a  raise  or  otherwise,  the 
ore  had  to  be  carried  to  it. 

TIMBEBINa'. 

Little  timbering  was  required  in  the  tunnels,  owing  partly  to 
their  being  narrow  (usually  not  more  than  4i  or  5  feet)  and  partly 
to  the  roof  being  solid.  In  the  stopes  the  roof  was  supported  with 
pinon  posts  cut  from  growths  near  the  workings  by  the  miners  as 
needed,  or  cut  by  a  man  detailed  for  this  purpose  and  hauled  to  the 
daim  by  team.  As  the  timbers  were  unseasoned  and  the  bark  was 
not  removed,  they  were  liable  to  decay  more  rapidly,  but  owing  to 
the  short  time  they  were  needed  this  consideration  was  not  serious. 
Most  of  the  worked-out  stopes  were  promptly  filled  with  waste  rock. 
The  posts  used  averaged  about  8  or  10  inches  at  the  butt  and  were 
spaced  more  or  less  irregularly  93  required,  but  the  average  in  most 
of  the  stopes  was  4  or  5  feet  apart.  A  view  in  one  of  the  stopes  is 
shown  in  Plate  IV,  A. 

TDOB  SPENT  IN  BEHOVING  OBE. 

TOTAI.  TIME. 

The  following  table  shows  what  percentage  of  the  total  monthly 
shifts,  for  the  entire  group  of  claims,  was  spent  in  removing  ore. 
Approximately  one-third  of  the  total  work  was  spent  in  such  opera- 
tions, and  60  per  cent  of  this  time  was  employed  on  the  Maggie  C 

101193*>— 17— Bull.  103 3 
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claim.  By  comparing  this  table  with  the  one  on  page  40,  showing 
the  production  from  the  various  claims,  the  analogy  wiU  be  seen  to 
be  striking.  In  other  words,  the  presence  and  the  nature  of  the  ore 
body  having  been  established  by  prospecting  and  development,  the 
mining  of  the  ore  required  a  certain  proportion  of  the  total  time 
worked,  which  parallels  closely  the  tonnage  produced,  claim  for 
claim,  except  on  those  claims  where,  owing  to  the  irregular  character 
of  the  ore  deposit,  the  results  of  mining  operations  were  necessarily 
uncertain. 

Time  spent  in  removiTig  ore  on  each  claims  percentage  of  total  mining  skiftafor  the  group 

of  claivti. 


Month. 

Ma^e 

Flor- 
ence. 

NeUle. 

Great 

West. 

em. 

Hem-y 
Clay. 

Medea. 

Buck- 
eye and 
Noon- 
time. 

DiTif). 

Vana- 
dlte. 

Ursh 
nite. 

Total. 

1914. 
Junf^ 

36.4 
26.9 
37.3 
33.4 
24.0 
18.8 
22.2 

20.2 

29.3 

23.6 

13.1 

17.4 

14.4 

10.7 

7.4 

4.4 

3.7 

10.7 
7.8 
1.6 
5.5 
1.3 
3.0 
2.5 

2.2 
2.9 
3.4 
2.8 
3.1 
6.9 
4.2 
.9 
.3 
6.7 

14.5 

2.6 

.7 

1.7 

.2 

61.6 

July 

0.8 
2.6 
1.7 
1.0 
1.5 
.5 

.0 

2.0 

5.3 

5.7 

3.1 

8.6 

10.3 

15.0 

12.7 

6.7 

3.8 
1.4 
1.2 
.1 
.1 
2.7 

3.6 

1.6 

.6 

.0 

.6 

.4 

2.0 

.1 

2.3 

9.3 

- 

41.9 

August 

September 

October 

November. . . . 

1.1 

1.1 

.3 

44.7 

3.6 
2.6 

"6.0* 
.0 

0.0 
.5 

3.2 
.2 

'""'6.6' 

.0 
.0 

48.3 
30.1 
25.6 

December .... 

.'i' 

.0 

.7 
1.8 
2.5 

.7 

as.  2 

1915. 
January 

26.7 

Febniary 

March 

37.6 

.0 
.0 

35.3 

April 

.0 
.0 
.0 

.0 
.0 

22.4 

May 

24.2 

~  J 

JllTlA , 

.0 

1.0 

.7 

.0 

....... 

2.2 

3.3 

.4 

.0 

30.3 

July 

29.9 

August 

26.3 

September 

October 

23.1 

.0 

26.8 

Average . . 

20.2 

4.5 

1.7 

3.8 

1.2 

.9 

.4 

.0 

.2 

.0 

33.0 

PRODUCTION. 

The  tonnage  mined  during  each  month  of  the  first  year  and  a 
half  of  the  work,  1914-15,  and  the  number  of  shifts  spent  in  order  to 
obtain  such  tonnage,  are  shown  in  figure  2. 

The  average  number  of  sacks  of  ore  produced  per  man  per  shift 
from  each  claim  was  as  follows: 

Average  number  of  sacks  of  ore  produced  per  shift  by  each  man  employed. 

Maggie  C 3. 70 

Florence 2.  78 

Nellie 2. 30 

Great  Western 2. 76 

Henry  Clay 1. 68 

Medea 4. 07 

Buckeye  and  Noontime 1. 69 

Vanadite 1. 72 

Dixie .-r 00 

Uranite 00 

Average  sacks  per  shift 3, 21 


AND  FILL  I  KG  W 


B.    SACKED  ORE  R 
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TIKE  SPENT  ON   EACH  CLAIM. 

The  percentage  of  the  work  done  each  month  on  each  mdividual 
daim  that  was  spent  in  removing  ore  is  given  in  the  table  f oUowing. 
This  table  shows  which  daims  were  not  producers  and  explains  the 
relation  one  to  another  of  the  development  of  the  several  claims.  A 
comparison  of  this  table  with  those  giving  similar  figures  for  pros- 
pecting and  development  (see  pages  22  and  27)  shows  the  progress  of 
the  work. 
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FKUBX  2*— ^Turves  showinK  tonnage  mined  at  the  claims  daring  1914  and  1915,  and  number  of  shifts 

spent  in  mining. 


TtmetperUin 

retnoving  ore. 

per  cent  of  total  monthly  time  per  daim. 

Month. 

Maggie 

Flor- 
ence. 

Nellie. 

Great 
West- 
era. 

93.3 
57.6 
2a9 
72.4 
24.2 
27.6 
27.0 

23.5 

26.2 

29.8 

25.3 

35.7 

38.1 

36.7  ' 

16.5 

12.5 

47.3 

1 

Henry 
aay. 

Medoa. 

Buck- 
eye 
and 
Noon- 
time. 

Dixie. 

Vana- 
ditc. 

Ura- 
nite. 

1914. 
'me.  r..      

68.8 
42.8 
52.3 
47.0 
38.0 
32.4 
32.7 

28.9 

41.4 

37.4 

24.2 

25.9 

38.5 

27.0 

25.9  , 

2a7  ' 

23.2 

95.0 
87.0 
40.0 
46.6 
5.9 

July 

34.1 
31.4 
37.9 
17.2 
22.6 
18.3 

.0 
40.0 
4&0 
35.5 

3ao 

38w3 
33.7 
28.6 
24.8 
27.4 

47.2 
25.4 
82.0 
8.8 
5.5 
26.9 

25.9 

27.6 

41.6 

.0 

11. 1 

5.6 

.mn 

24.0 
25.0 
36.3 

Aag»t 

43.4 
42.1 
50.0 

September 

65.4 
36.3 

"  '6.6" 
.0 

0.0 
11.3 
86.4 
37.0 

(X^ber 

ao 

November 

.0 

L'eoember.  ••>•••••■• 

."3* 

.0 

86.0 
80.5 
48.2 
36.3 

.0 

1915. 
Jannvy...  . 

FebrnttT 

■minsn... 

.0 

April 

........ 

.0 
.0 
.0 

.0 
.0 

.0 

M^.:::    :....... 

JqHD             

.0 
2.5.0 
23.0 

.0 

41.0 
38.6 
42.7 
27.8 

.0 

Jnly .                 ... 

1 
.  .....1........ 

VIUJ....  ............. 

AltflMt 

, 

September 

0<i6ber 

.0 

1 

• 
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DETAILED  DATA   ON   MAGGIE  C   CLAIM. 

Detailed  figures  on  the  various  phases  of  the  work  of  removing  ore 
on  the  Maggie  C  are  given  in  the  table  following.  Under  ''mining'' 
is  included  drilling  and  blasting  in  ore,  and  the  preliminaiy  sorting  in 
the  riiine.  ''Sorting"  consisted  in  breaking  the  larger  lumps  of  ore 
brought  to  the  sorting  table  by  the  miner  and  discarding  any  material 
of  lower  grade  than  2  per  cent  UsOg.  Sometimes  the  sorter  filled  the 
ore  sacks,  and  sometimes  another  man  did  this  work  and  also  sewed 
the  sacks  and  piled  them  near  by.  Where  possible,  the  sacks  were 
piled  near  the  road  (see  PL  IV,  B),  the  object  in  piling  being  con- 
venience in  loading  and  to  keep  the  sacks  off  the  ground  to  prevent 
their  rotting,  the  lowest  row  being  laid  on  pieces  of  timber,  as  the 
ore  absorbs  moisture  rapidly. 

Proportions  of  tivie  spent  on  Maggie  C  in  various  operations  included  under 

removal  of  ore. 


Month. 


1914, 

June 

July 

August 

Beptemlier 

October 

November 

December 

1915 

January 

February 

March 

April 

May 

June 

July 

August 

September 

October 


Mining. 


15.2 
25.7 
43.0 
40.1 
28.7 
23.0 
22.0 


19.0 
31.2 
27.3 
15.1 
19.7 
30.7 
20.7 
19.3 
12.2 
13.8 


Percentage  of  time  spent  in- 


Sorting. 


24.0 


13.0 
10.0 
9.2 
6.9 
7.7 
8.2 
8.1 


7.4 
8.3 
8.1 
8.0 
6.3 
7.8 
6.4 
6.7 
6.1 
6.0 


7.9 


Sewing. 


4.4 

3.0 
2.3 
2.6 
2.8 
2.8 
2.7 


1.8 
2.1 
3.1 
3.0 
2.4 
2.6 
2.0 
2.1 
L7 
1.8 


2.6 


Filling. 


1.4 


1.7 

.9 

1.6 


1.7 
1.9 
2.0 
1.1 


(b) 


.2 


.7 


Piling. 


0 


1.0 


(«) 


.5 
1.2 


.3 


Picking 
dump. 


39.1 
7.1 


2.8 


a  Included  in  sewing. 


h  Included  in  sorting. 


RESORTING   OLD  DUMPS. 

During  the  first  two  months  of  operation  at  Long  Park,  a  consid- 
erable part  of  the  mining  time  was  spent  in  resorting  and  picking 
over  old  dumps.  In  previous  work  the  ore  had  been  sorted  to  3  per 
cent  grade,  leaving  enough  ore  of  2  per  cent  grade  to  warrant  resort- 
ing before  covering  with  mill  ore  or  waste. 

REMOVIlSra  WASTE. 

Removing  waste  included  drilling  and  blasting  waste  rock  and 
low-grade  ore  and  removing  them  from  the  mine. 
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DBUJJNa  AND  BLASTING. 

The  drilling  and  blasting  operations  were,  of  course,  practically 
the  same  as  those  employed  in  mining  the  ore,  except  that  some- 
times heavier  charges  of  dynamite  were  used.  Care  had  to  be  taken, 
however,  to  avoid  mixing  the  waste  with  the  ore  or  shattering  the 
latter  any  more  than  necessary,  for  this  caused  losses  of  the  best 
grade  of  camotite,  as  has  been  previously  mentioned.  In  surface 
work  the  soil,  rardy  more  than  a  foot  thick,  was  carefully  removed 
before  holes  were  drilled  and  blasted.  Wherever  possible  advantage 
was  taken  of  the  bench  formed  by  the  previous  blast.  Underground 
the  holes  we^  pointed  to  break  only  the  waste  rock  from  above  the 
ore.  Both  on  the  surface  and  underground  the  rock  blasted  was 
shoveled  away  from  the  immediate  face.  If  the  number  of  men 
working  on  a  claim,  as  on  the  Maggie  C,  made  such  a  course  possible, 
a  man  was  detailed  to  remove  the  waste  to  the  dump,  but  on  claims 
where  only  one  or  two  men  were  employed  the  mucking  was  done  by 
the  miner  before  be  began  to  remove  the  ore. 

DI8PO8AI1  OF  WA8TB. 

The  disposal  of  waste  had  to  be  varied  on  each  claim  to  meet  local 
conditions.  In  many  places,  where  the  ore  was  in  small  pockets  at  or 
near  the  surface,  the  waste  was  shoveled  to  one  side,  after  it  had  been 
ascertained  that  no  ore  lay  beneath.  In  mining  the  larger  deposits 
the  usual  practice  was  to  shovel  the  waste  back  into  the  excavation 
as  mining  proceeded.  On  the  Maggie  C  a  deposit  of  low-grade 
milling  ore,  of  considerable  extent,  lying  4  to  6  feet  below  the  ship- 
ping ore,  could  not  profitably  be  mined  with  the  shipping  ore  but 
was  of  sufficient  importance  to  reserve  for  later  use  in  the  mill. 
Therefore  from  this  area  the  waste  was  transported  to  a  dump  at 
one  side,  under  which  the  ore  lay  too  deep  to  be  mined  by  open  out, 
by  means  of  a  f  annahaped  track  system  leading  to  the  various  work- 
ing places.  The  rock  dump  was  gradually  extended  and  built  up 
level  with  the  top  of  the  ore  bin  of  the  mill,  thus  disposing  of  the 
waste  and  providing  a  grade  for  raising  the  milling  ore  into  the  bin 
when  mined  later. 

In  the  undergroimd  work  on  this  claim  the  waste  was  handled 
where  possible  by  mine  cars,  both  in  driving  the  development  tunnels 
and  in  mining.  Wheelbarrows  were  used  for  the  first  50  feet  of  the 
main  tunnel  and  in  one  or  two  places  in  branch  headings  where  the 
end  of  the  track,  owing  to  the  pitch  of  the  ore,  could  not  be  extended 
to  the  face  of  the  heading.  In  stoping,  as  much  as  possible  of  the 
waste  was  immediately  filled  back  into  the  stope  to  support  the  roof 
if  the  timbers  failed  and  to  save  tramming  this  waste  outside.  On 
the  other  claims  the  waste  was  removed  with  wheelbarrows  only. 
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with  a  plank  runway  where  necessary,  but  was  filled  hack  into  the 
stopes  as  much  as  possible. 

The  mine  cars  used  on  the  Maggie  C  were  of  13  cubic  feet  capacity, 
two  being  of  the  scoop  type  and  two  of  the  standard  type  with  a 
swinging  door  at  the  end.  Both  types  were  provided  with  a  turn- 
table and  could  be  emptied  at  either  side  of  the  track.  For  dump- 
ing  from  a  trestle  or  into  an  ore  bin,  the  scoop  type  was  preferred, 
but  for  use  on  a  track  running  along  the  edge  of  a  dump  the  standard 
type  gave  better  satisfaction.  Ordinary  8-pound  mine  rails  were 
used,  set  18  inches  apart  on  ties  spaced  about  a  yard  apart,  which 
were  cut  locally  from  small  pinon.  Long-handled,  round-pointed 
No.  2  mining  shovels  were  used  to  remove  the  waste,  but  in  imder- 
ground  work  the  men  usually  cut  10  to  14  inches  off  the  handle  for 
convenience  in  narrow  quarters.  The  wheelbarrows  were  of  steel, 
with  a  rated  capacity  of  3  cubic  feet. 

TIKE  SPENT  IN  BEMOVINO  WASTE. 

The  following  table  shows  the  percentages  of  the  total  time  spent 
in  removing  waste : 

Time  sperU  in  removing  vmeU  on  each  c2atm,  percentage  of  total  monthly  shtfts  for  the 

entire  group. 


Month. 

.I^e 

Flor- 
ence. 

NeUie. 

Great 
West- 
em. 

Henry 
Clay. 

Medea. 

Buck- 
eye  and 
Noon- 
time. 

Dixie. 

Van». 
dite. 

Ura- 

nite. 

To- 
tal. 

1914. 
Tiine. 

8.5 
16.9 
25.8 
35.1 
24.3 
21.0 
23.7 

30.7 
27.7 
27.4 
22.6 
28.4 
15.9 
15.9 
12.2 
8.6 
7.0 

0.0 
1.3 
.6 
1.6 
1.6 
3.2 
2.2 

2.2 
2.9 
3.6 
2.5 
1.8 
6.1 
3.8 
1.1 
.3 
5.8 

0.8 
1.1 

.3 
1.9 

.2 

9.3 

July 

0.0 

1.0 

2.6 

.4 

.3 

.5 

.0 

2.6 

5.0 

6.9 

3.5 

9.2 

12.8 

29.5 

24.7 

8.5 

1.1 
.3 

2.4 
.1 
.1 

3.0 

3.6 

2.3 
.6 
.0 

1.2 
.7 

2.4 
.4 
.7 

9.3 

0.0 

.3 

1.3 

1.3 

20.4 

August 

September.... 

October 

November 

28.3 

1.6 
.6 

"  '6.'6' 

0.0 
.3 

3.4 
.2 

"    0.'6' 

.'6' 

46.5 
28.7 
28.0 

December 

.0 

.0 

.9 
1.8 
1.9 

.8 

29.6 

1915. 

37.4 

February 

37.3 

March./. 

.0 
.0 

38.5 

April 

.0 
.0 
.0 

.0 

.0 

32.8 

May 

34.9 

June. . 

.0 
2.4 
2.1 

.0 

"""2.'i' 
2.5 
3.9 
1.3 

.0 

31.9 

July 

3a.4 

August 

40.8 

September 

October 

88.2 

.0 

31.9 

Average.. 

20.7 

6.3 

1.7 

2.4 

.5 

l.l 

.1    

.2 

33.0 
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The  percentages  of  the  total  monthly  work  on  each  claim  which 
were  spent  in  removing  waste  were  as  follows: 


Time  spent  in  removing  waste,  percentage  o 

f  monthly  total  per  claim. 

Hantli. 

M^ 

Flor- 
ence. 

Nellie. 

Oreat 
West- 
em. 

Henry 
Clay. 

Ifedaa. 

Buck- 

eye  and 

Noon. 

time. 

Dixie. 

Vana* 
dite. 

Ura. 
nlte. 

1914. 

16.8 
27.7 
86.9 
69.9 
48.4 
85.6 
84.8 

42.5 
38.4 
43.3 
42.0 
42.5 
42.9 
40.1 
42.4 
39.9 
36.7 

0.0 

la.i 

8.1 
20.5 
15.1 
28.8 
23.6 

23.1 
26.2 
31.6 
22.9 
20.5 
33.9 
32.9 
19.5 
12.5 
41.2 

6.0 
18.6 
16.0 
61.1 

8.8 

Jnly 

0.0 
11.9 
6R.3 
70.3 

4.0 
i»    16.1 

.0 
68.3 
46.0 
43.3 
33.6 
40.7 
40.9 
65.9 
45.4 
34.6 

12.5 
5.3 

64.1 
4.4 
5.6 

30.1 

29.8 
39.8 
58.3 
.0 
21.4 

9.3 
36.0 
73.1 

7.9 
36.3 

August...... 

13.8 
60.0 
36.0 

September 

28.6 
8.0 

*  "6.6" 
0.0 

0.0 

7.5 

39.6 

3.7 

Oi^ber 

0.0 

NovembCT 

.0 

.6* 

.0 

48.0 
40.6 
87.6 
40.9 

.0 

1916. 
Jrnnnary. . .     .... 

v^bm^ 

Mwrti 

.0 

April 

.0 
.0 
.0 

.0 
.0 

.0 

1^;.:.:.:::::::.:: 

'am                      .  . 

.0 
60.0 
61.6 

.0 

*"56'9' 
43.9 
50.0 
66.6 

.0 

July 

Angnst 

Oibckter 

.0 

The  following  table  shows  in  detail  the  percentages  of  the  monthly 
time  spent  on  the  Maggie  C  claim  in  various  operations  included  in 
remoying  waste,  such  as  stripping,  mucking,  and  laying  track: 

Time  spent  on  Maggie  C  claim  in  removing  waste. 


Month. 


Jmie 

Jnly 

August.... 
September. 
OeUHwr... 
Novemlnr. 
Deoember. 


1914. 


Percentage  of  time  spent  in— 


Strip- 
ping. 


Janoanr... 
Febiuarv.. 

Jane 

July 

Aogost.... 
September. 
October... 


1915. 


Average. 


7.3 
24.3 
30.0 
25.1 
12.5 
10.4 
16.2 


2^1 
24.1 
30.8 
23.0 
16.7 
13.4 
19.0 
20.3 
24.6 
19.9 

10.8 


Muck- 
ing. 


5.8 
3.4 


17.6 


Laying 
track. 


2.2 


6.6 

1.3 

23.0 

1.8 

24.4 

1.5 

24.6 

.6 

17.9 

.7 

20.3 

2.1 

13.2 

1.1 

11.7 

.8 

18.8 

.2 

25.8 

1.0 

29.4 

.1 

21.1 

22.1 

15.3 

16.  a 

.8 
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cast-iron  or  steel  plate,  partly-wom  jaw  plates  from  the  crusher 
serving  for  this  purpose.  For  breaking  the  larger  lumps  or  frozen 
ore  the  sorter  used  a  2-pound  hammer  provided  with  a  square  face 
and  a  chisel  point.  For  the  finer  lumps  he  used  an  ordinary  pros- 
pector's or  geologist's  pick,  square-faced  on  one  end  and  pointed  on 
the  other. 

AMOUNT  SORTED  PER  MAN. 

The  amount  sorted  in  a  day  varied  greatly.  When  the  ore  was 
of  good  quaUty  the  sorter  had  little  else  to  do  than  break  it  to  proper 
size  for  shipment  and  throw  out  any  occasional  piece  of  waste  rock 
or  low-grade  ore.  Under  such  conditions  it  was  not  unusual  for  one 
man  to  sort  75  to  80  sacks  in  one  day.  But  when  the  ore  was  of 
poorer  quality,  and  especially  if  shipping  and  low-^ade  ore  were 
badly  mixed,  sorting  was  more  laborious,  requiring  much  closer 
attention  and  the  handling  of  much  more  low-grade  material.  Under 
such  conditions  25  to  30  sacks  per  sorting  shift  was  «  good  day's 
work.  The  average  number  of  sacks  sorted  on  the  Maggie  0  claim 
during  the  entire  period  of  mining  operations  was  48.4  per  8-hoiir 
shift. 

The  following  table  gives  the  monthly  production  of  sorted  ore, 
that  is,  shipping  ore,  produced  from  the  various  claims: 

Monthly  production  of  shipping  ore  from  the  various  claims^  in  sacks  of  approximately 

10  pounds. 


Sacks  of  ore  produced  on— 

Month. 

Maj^gie 

Flor- 
ence. 

Nellie. 

Qreat 
West- 
em. 

Henry 
Clay. 

Medea. 

Buck- 
eye and 

Noon- 
time. 

Dixie. 

Vana- 
dite. 

Ura- 
nite. 

Total. 

1914. 
June 

459 

846 
2,040 
1,510 
1,587 
1,487 
1,534 

1,462 

1,470 

1,550 

1,046 

1,066 

644 

668 

466 

202 

128 

1 

87* 

63 
97 

78 
13 

11 
52 
315 
359 
228 
513 
440 
898 
544 
84 

*"i58* 

127 

77 

11 

6 

162 

134 

62 

6 

11 

34 

33 

84 

4 

104 

177 

1,100 

151 

253 

76 

219 

38 
96 
77 

116 
107 
106 
11» 
113 
4(10 
267 
45 
21 
111 

31 
100 
49 
64 
19 

642 

July 

1,357 
2,438 
2,150 
1,-888 
1,824 
1,806 

2,068 
1,783 
2,104 
1,606 
1,441 

August 

September.... 

October 

November.... 

59 
68 

10 

153 
54 

72 

155 

20 

December 

1915. 

January 

February 

March..  . 

i2* 

46 

02 

118 

42 

AprU 

18 

Mfty, .   . 

Jnri^ ....... 

1 
30 
24 

76' 

176 

217 

8 

4 

1,655 

July 

*"*"•*** 

1,565 
1,612 

AtTgUSt ... 

September 

O^ber  (1-15) 

1,068 
606 

229 

ToUl... 

18,480 

3,783 

2,376 

330 

900 

247 

27,535 

OKE  ON  FLAT  ROCK. 
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FILLtNO,   SEWING,  AND  PILING  THE   SACKS. 

The  sorted  ore  was  pushed  to  on&  side  and  at  mtervals  shoveled 
into  sacks  18  by  24  inches  in  size  and  holding  approximately  70 
pounds  of  ore.  Burlap  sacks  were  tried  at  first,  but  were  quickly 
discarded  in  favor  of  double-stitched  canvas  sacks.  These  resisted 
wear  and  tear  well  and  saved  fine  material,  which  is  usually  high 
grade,  that  would  have  been  lost  through  the  wide  mesh  of  the 
burlap.  The  canvas  sacks,  of  course,  cost  more,  but  the  fact  that 
som^  of  them  could  be  used  twice,  and  the  saving  of  fine  material, 
made  them  much  more  economical  than  burlap  in  the  long  ruiL 

Where  the  output  warranted  the  expense,  the  sorter  was  provided 
with  an  assistant,  who  filled  the  sacks,  sewed  them,  and  piled  them. 
To  facilitate  filUng  the  sacks,  a  rough  funnel  was  made  of  a  piece  of 
fairly  heavy  galvanized  pipe  8  inches  in  diameter  and  2  feet  long, 
with  a  flaring  top  forming  an  angle  of  about  30^  with  the  pipe  and 
enlarging  the  diameter  to  about  18  inches.  The  rim  of  this  flaring 
part  was  turned  imder  around  a  circle  of  i-inch  iron  rod  to  give 
rigidity  and  better  wear.  This  filler  held  the  sack  open  and  kept  it 
upright  so  that  the  ore  could  be  shoveled  in  readily. 

The  sacks  were  sewed  with  a  5J-inch  curved  needle  and  16-fold 
cotton  sail  twine.  The  top  of  the  sack  was  folded  over  twice,  the 
twine  being  looped  aroimd  one  comer  to  form  an  "ear,"  and  then 
sewed  over  and  over,  including  the  folds,  xmtil  the  other  side  was 
reached;  a  couple  of  half  stitches  formed  the  other  "ear."  The 
sack  was  then  resewed  in  the  reverse  direction,  two  half  stitches 
were  taken  around  the  first  ear,  and  the  twine  pulled  through  the 
sack  once  more  and  the  ends  tied.  An  experienced  man  could  sew 
200  sacks  in  a  day,  the  average  for  all  claims  being  about  20  sacks 
an  hour. 

SAMPLING. 

Before  sewing  a  sack,  a  rough  grab  of  ore,  about  a  handful,  was 
taken  at  random  from  it.  When  the  sample  from  about  IQO  sacks 
had  accumulated,  it  was  broken  by  hand  to  approximately  f-inch 
size  and  carefully  quartered  twice;  the  reject  went  with  the  shipping 
ore  and  the  sample  was  brought  to  camp.  It  was  then  reduced  on 
a  cast-iron  bucking  board  to  perhaps  ^-inch  pieces  and  quartered 
down  to  about  a  pound  sample.  This  was  ground  on  the  bucking 
board  and  in  a  quart  mortar  to  pass  through  a  SO-mesh  sieve,  and 
then  quartered  twice,  the  resultant  sample  being  tested  in  the 
electroscope. 

WEIGHTS   OF   SACKS   OF  ORE. 

The  following  table  shows  the  average  weights,  each  month,  of 
the  sacks  of  ore  as  they  arrived  in  PlacervUle,  where  they  were 
weighed,  in  the  wagons,  on  a  platform  scale. 
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ivcnujc  gross  weighty  in  pounds ^  per  sack  of  ore  as  weighed  ih  Placervillej  Colo. 


Ore  left  Long  Park 
In— 

Ma^e 

Flor- 
ence. 

NeUie. 

Great 
West- 
em. 

Henry 
Clay. 

Hedea. 

Buck- 
eve  and 
Noon- 
Ume. 

Dixie. 

Vana- 

dite. 

Ura- 
nite. 

1914. 
August 

74.7 
72.9 
72.0 
72.0 
76.6 

60.0 
68.3 
73.1 
70.6 
67.7 
68.0 
66.6 
68.6 
75.9 

74.8 
77.8 
78.9 
60.0 

•a...... 

68.4 
66.3 

76.2 
"*'68.*2' 

September 

'"76"5' 
74.6 

'"66."6' 
78.7 
74.4 
71.7 
72.6 
60.8 
74.6 
77.4 

75.7 
73.0 

*  "67.'6' 
66.8 

62.5 

October 

71.2 

-------- 

November 

• 

December 

67.5 

68.3 

67.0 

1915. 

► 

FebniM'y 

64.6 
64.8 
67.7 
68.5 

Mw«h 

April 

74.0 
68.2 
70.0 

80.0 
72.7 
84.4 
70.6 

75.0 

'..  .  .    1 

May 

1 

Jun^ . . .  , ,      

67.5 

1 

July 

August 

1 

70.4 
73.4 

1 

September 

70.7 

70.3 

67.1 

1 

Average 

71.2 

73.6 

71.2 

74.6 

71.4 

68.5 

71.4 

67.0 

Average  gross  weight  per  sack,  71.67  pounds. 

The  wide  variations  in  these  figures  are  doubtless  due  to  many 
causes,  such  as  the  personal  equation  of  the  sorter^  for  although 
the  sacks  were  of  the  same  size  some  slight  diversity  in  filling  was 
possible.  It  was  thought  that  the  ore  per  sack  would  weigh  heavier 
during  the  winter  months,  on  the  theory  that  the  frozen  ore  con- 
tained more  moisture.  The  difference  in  weight  between  a  sack  of 
ore  containing  2  per  cent  moisture,  as  in  summer,  and  one  con- 
taining 7  per  cent,  as  in  winter,  was  not  sufficient,  however,  from  the 
record  in  this  table,  to  increase  the  average  appreciably  during  the 
winter  months.  The  character  of  the  ore  on  the  different  claims 
varied  greatly.  Some  types  of  ore  broke  into  fairly  large  pieces  with 
very  Utile  fines,  so  that  the'  air  spaces  in  the  sack  made  it  much 
lighter  than  one  filled  with  finely  pulverized  ore.  In  a  few  instances 
that  can  be  traced  from  the  records  the  weights  on  certain  claims 
changed  noticeably  at  about  the  same  time  that  new  workings  were 
being  opened,  so  it  is  probable  that  changes  in  the  character  of  the 
ore  were  the  main  factor  in  this  diversity.  On  the  Florence  and  the 
Great  Western,  where  the  ore  usually  ran  fairly  high  in  UaOg,  and 
therefore  was  apt  to  be  rather  finely  pulverized,  the  sacks  averaged 
the  heaviest,  whereas  on  the  Medea  and  the  Vanadite,  where  the 
uranium  content  was  almost  uniformly  low,  the  sacks  avera^d 
lightest. 

VABIETrBS  OF  ORES  ENOOT7NTEBED. 

The  shipping  ore  from  the  Maggie  C  claun  was  for  the  most  part 
a  more  or  less  coarse-grained  sandstone  impregnated  with  camotite, 
which  usually  formed  the  binder  between  the  individual  sand  grains, 
having   probably   replaced    the   original   cement.    The   individual 
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grains  of  this  sandstone  were  often  thinly  coated  with  fine  camotite, 
which  gave  the  ore  the  appearance  of  *  being  better  than  it  actually 
was.  Another  variety  found  in  many  places  on  the  Maggie  C,  and 
to  some  extent  on  the  Florence  and  Nellie,  called  locally  "rattlesnake 
ore,"  was  a  coarse-grained  sandstone  containing  small  patches  one- 
quarter  to  one-half  inch  in  size  impregnated  with  black  vanadium 
oxide  and  with  camotite,  both  kinds  of  patches  being  scattered  at 
intervals  of  perhaps  one-half  to  three-quarters  of  an  inch  in  seem- 
ingly barren  sandstone.  The  patches  of  camotite  were  too  small  to 
separate  by  sorting,  and  the  entire  mass  generally  ran  too  low  in 
uranium  content  to  be  shipping  ore,  so  this  ore  was  sent  to  the  mill. 
Another  type  mined  on  the  Maggie  C  was  the  brown  or  cocoarcolored 
ore  previously  described,  which  usually  contained  more  than  the 
average  percentage  of  uranium;  but  as  a  large  amount  of  the  low- 
grade  reddish-brown  ore,  chiefly  iron  bearing,  was  also  found  there, 
careful  sorting  and  frequent  tests  in  the  electroscope  were  necessary 
to  prevent  shipping  ore  of  too  low  grade.  Very  little  high-grade, 
fairly  pure  camotite  was  found  on  this  claim — or  on  any  of  the  other 
claims — and  that  found  was  mostly  in  stringers,  in  "bug  holes/'  or 
in  tiny  pockets  that  were  not  more  than  2  inches  thick  at  the  most, 
although  some  were  4  or  5  feet  long.  When  such  high-grade  ore  was 
discovered,  the  quantity  was  usually  too  small  to  permit  sorting  as  a 
separate  grade,  consequently  it  was  thrown  into  the  shipping  ore. 
One  or  two  of  these  ''bug  holes''  of  high-grade  ore  were  large  enough 
to  warrant  keeping  the  ore  separate,  two  sacks  being  obtained  in  all. 

Such  shipping  ore  as  was  found  on  the  Henry  Clay  claim  was  inva- 
riably high  in  vanadium  and  was  usually  greenish-yellow  to  greenish- 
gray.  In  this  ore  the  texture  was  rather  fine,  and  it  usually  occurred 
in  a  finely-landed  sandstone.  The  ore  from  the  Florence  was  also 
of  this  banded  or  bedded  type,  being  generally  rather  high  in  vana- 
dium. A  number  of  tons  of  ore  from  one  pocket  on  this  claim  showed 
this  bedded  structure  very  plainly,  much  of  it  consisting  of  fine 
bands  about  one-sixteenth  of  an  inch  thick,  of  nearly  piure  camotite, 
lying  in  a  soft,  almost  claylike  mass  of  black  vanadium  ore.  A  num- 
ber of  small "  bug  holes  "  of  high-grade  ore  were  discovered  and  mined 
on  this  claim,  but  no  attempt  was  made  to  create  a  separate  grade. 

Most  of  the  ore  from  the  Nellie  claim,  adjoioing  the  Florence,  was 
similar  to  tihat  from  the  Florence,  except  that  no  black  ore  with 
streaks  of  high-grade  camotite  was  foimd.  Ore  similar  to  that  on  the 
Maggie  C,  containing  sandstone  grains  coated  with  camotite,  also 
occurred,  but  most  of  it  was  of  finer  texture  than  that  on  the  Maggie 
C,  and  as  a  consequence  usually  contained  a  higher  percentage  of 
uranium. 

On  the  Great  Western  claim  the  ore  commonly  contained  a  rather 
high  percentage  of  calcite,  and  consisted  of  a  fine-grained  rather  high- 


44  MINING  AND  CpNOENTEATION;  OP  OABNOTITE. 

grade  shipping  ore  and  a  coarse-grained  milling  ore  running  much 
lower  in  uranium  oxide. 

On  the  Vanadite  claim  the  ore  was  rich  in  vanadium,  usually  con- 
taining streaks  of  vanadic  sandstone  impregnated  with  camotite  be- 
tween bands  of  gray  or  white  barren  sandstone. 

The  ores  on  the  Medea  claim,  with  one  exception,  were  greenish 
and  were  found  in  a  banded  finely  grained  sandstone.  In  the  excep- 
tion mentioned  the  ore  was  rather  coarse  grained,  closely  resembling 
that  on  the  Maggie  C,  and  contained  thin  stringers  of  calcium  vanadate 
and  vanadic  oxide,'*  rarely  more  than  half  an  inch  thick,  which  gen- 
erally crossed  the  bedding  of  the  sandstone  and  seemed  to  be  small 
fissure  veins. 

On  the  Buckeye  and  Noontime  claims  the  ore  contained  a  high  per- 
centage of  vanadium  and  was  greenish  to  blackish  in  color.  Some 
specimens  from  these  claims  were  especially  rich  in  vanadium  and 
carried  1  to  2  per  cent  uranium  oxide;  they  had  a  shiny,  metalhc 
luster  and  a  bluish-green  color.  Such  ore  is  locally  called  kentsmithite 
or  mcmiUenite. 

THB  ELECTROSCOPE. & 

Radioactive  ores  accelerate  the  rate  of  discharge  of  electricity  from 
a  charged  body  because  the  ra^  they  give  off  ionize  the  atmosphere 
surrounding  the  charged  body.  Hence  an  electroscope  can  measure 
radioactivity.  The  electroscope  used  by  the  National  Radium  Insti- 
tute at  the  mines  consisted  of  two  cylindrical  compartments  of  brass. 

The  upper  cylinder  was  about  3i  inches  in  diameter  and  was  placed 
horizontally  on  the  lower  one,  the  ends  being  closed  with  mica  win- 
dows to  exclude  disturbing  air  currents;  the  lower  cylinder  was  placed 
vertically  and  closed  at  each  end  with  a  brass  plate.  Its  lower  face 
was  flanged  and  screwed  to  a  wooden  base;  on  the  upper  face  a  short 
pipe  supported  the  first  compartment.  A  small  brass  rod,  extending 
through  a  plug  of  sealing  wax  in  this  pipe  that  insulated  the  rod  from 
the  rest  of  the  apparatus,  was  flattened  at  its  upper  end  where  it 
extended  into  the  upper  compartment  and  terminated  at  its  lower 
end  in  a  thin  brass  disk  about  2}  Luches  in  diameter,  set  at  right 
angles  to  the  rod  and  about  half  an  inch  from  the  top  of  the  lower 
compartment. 

Attached  to  the  upper  and  flattened  part  of  the  rod  and  wholly 
within  the  upper  compartment  was  a  thin  piece  of  aluminum  foil  2 
inches  long  and  one-quarter  of  an  inch  wide,  suspended  from  the 
top  so  that  ordinarily  it  rested  against  the  rod.    When,  however,  the 

a  Hlllebiand,  W.  F.,  Merwln,  H.  £.,  and  Wright,  F.  £.,  Hewettite,  oietahewettite,  and  paaooite; 
hydrous  calchim  yanadfttes:  Froo.  Am.  PhiL  Soc.,  yoL  53, 1914,  pp.  31-64. 

b  For  a  more  complete  description  of  the  electroscope  and  electroscopic  methods  see:  Moore,  R.  6.,  and 
Klthfl,  K.  L.,  A  preliinary  report  on  uranium,  radium,  and  vanadium,  BulL  70,  Bureau  of  ICines,  1013, 
pp.  64-66;  lind,  S.  C,  and  Whittemore,  C.  F.,  The  radiiun-uranium  ratio  in  camotite,  Tech.  Paper  8S, 
Bureau  of  Mines,  1915,  pp.  17-19;  Lind,  S.  C,  Practicai  methods  for  the  determination  of  radium;  inter- 
changeable electroscope  and  its  use,  Jour.  Ind.  and  Eng.  Chem.,  vol.  7, 1915,  p.  406. 
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leaf  and  rod  were  chained  with  electricity  (generated  on  a  vulcanite 
rod  rubbed  against  wool  or  silk)  the  leaf  was  repelled  from  the  rod 
and  extended  at  an  angle  from  it.  If  the  instrument  were  then  left 
undisturbed  the  leaf  would  very  slowly  f aU  to  its  former  position  as 
the  charge  gradually  leaked  away.  The  rate  of  this  faU  (observed 
through  a  microscope  attached  to  the  apparatus  by  means  of  a  brass 
arm),  measured  by  a  stop  watch  in  terms  of  the  divisions  on  a  scale 
in  the  eyepiece  of  the  microscope,  was  termed  the  ''natural  leak"  of 
the  instrument.  If  the  leaf  were  again  chained  and  a  quantity  of 
camotite  put  in  the  bottom  compartment  through  a  door  provided 
for  that  purpose,  the  rate  of  f aU  would  increase . 

The  rate  of  such  faU  is,  within  reasonable  limits  of  accuracy  for  a 
field  test,  always  proportional  to  the  amoxmt  of  uranium  oxide  in  the 
camotite.  Therefore,  if  this  sample  of  ore  be  removed  and  the  same 
quantity  of  a  standard  ore  of  known  uranium  content  be  put  in  the 
machine  and  the  rate  of  fall  of  the  leaf  be  again  measured,  the  uranium 
oxide  content  of  the  sample  can  be  computed  by  the  following 
formula :  (Rate  of  f aU  with  sample  minus  rate  of  naturaUeak)  :  (Rate 
of  faU  with  standard  minus  rate  of  natural  leak)  :  :  (Per  cent  U|Og 
in  sample)  :  (Per  cent  UsO,  in  standard) . 

PBECAUTIONS  IN  USING  ELEOTBOSCOPE. 

In  using  the  electroscope  several  precautions  are  necessary,  per- 
haps the  most  important  of  which  is  to  have  the  ore  ground  to  the 
same  fineness.  Experiment  has  shown  that  the  influence  the  ore 
exerts,  and  hence  its  apparent  uranium  content,  varies  greatly  with 
the  fineness  of  the  ore.  This  error  has  been  found  to  be  as  high  as 
100  per  cent  when  comparing  ore  ground  to  pass  a  200-mesh  screen 
with  similar  ore  passed  through  a  30-mesh  screen,  the  finer  material 
giving  the  lower  result.  For  this  reason  the  ore  to  be  tested  and  the 
standard  ore  must  be  passed  through  the  same  mesh  of  screen,  and 
it  is  obvious  that  in  grinding  the  samples  aU  of  the  material  must  be 
passed  through  the  screen;  otherwise,  the  lower-grade  material  being 
the  harder,  a  partial  concentration  would  vitiate  the  results.  The 
screen  used  was  about  30-mesh  bolting  cloth  stretched  on  a  wooden 
hoop,  but  40-mesh  or  even  60-mesh  screens  could  be  used.  The 
same  screen  should  be  used  for  both  sample  and  standard,  and  should 
be  thoroughly  cleaned  after  each  test.  The  quantity  of  ore,  both 
standard  and  sample,  placed  in  the  electroscope  should  be  constant. 

The  error  restdting  from  using  varying  quantities  of  ore  is  not  as 
great  as  that  resulting  from  a  wide  difference  in  fineness,  but  is  suffi- 
cient to  destroy  accuracy.  For  this  purpose  the  electroscope  used 
at  the  mines  was  equipped  with  a  small  brass  disk,  fitting  into  the 
bottom  compartment,  that  had  a  raised  rim  about  one-sixteenth  of 
an  inch  high.  When  the  ore  was  spread  over  this  disk  and  any 
excess  scraped  off  with  a  straight  metal  blade,  such  as  a  common 


46 


MINING  AND  CONCENTRATION   OF  CABNOTITE. 


table  knife,  there  remained  a  film  of  ore  one-sixteenth  of  an  inch 
thick  and  the  diameter  of  the  disk.  Care  was  taken  to  have  the  sur- 
face left  perfectly  smooth  in  order  to  insure  that  the  same  amount 
was  always  retained  on  the  plate.  When  testing  finely  powdered 
material,  such  as  concentrates,  the  required  smoothness  was  obtained 
by  pressing  the  material  down  with  the  flat  underside  of  a  second 
disk,  using  a  slight  rotary  motion.  The  plate  was  then  carefully 
pushed  through  the  door  onto  the  floor  of  the  lower  compartment. 
As  illumination  on  the  leaf  should  be  constant  for  both  readings^  it 
is  usually  more  convenient  to  make  the  electroscopic  tests  at  night 
and  by  artificial  light,  a  candle  back  of  the  electroscope  throwing  the 
leaf  into  sharp  silhouette. 

PACKING,   STORAGE,  AND  TBAITSPOBTATIOV  OF  QBE. 

PACKING  AND  STORING  OB.E. 

About  1  per  cent  of  the  total  mining  time  was  employed  in  packing 
and  loading  ore.  The  freighting  of  ore,  which  was  done  by  team  and 
wagon,  was  not  begun  until  late  in  August,  1914.  During  the  winter 
months  the  sacked  ore  from  the  Florence,  Nellie,  Great  Western,  and 
Vanadite  claims  was  packed  by  a  train  of  two  to  eight  burros,  two 
being  owned  by  the  company  and  the  others  hired  from  miners,  to 
the  warehouse  on  the  Maggie  C  claim.  The  Maggie  C  ore  was  also 
stored  there  during  the  winter,  and  the  freighters  loaded  from  that 
point  the  shipping  ore  from  the  claims  mentioned.  Once,  in  Decem- 
ber, 1914,  it  was  necessary  to  pack  the  Medea  ore  to  the  main  road 
with  burros,  but  at  other  times  the  teams  were  able  to  load  on  the 
claim. 

A  table  showing  the  amount  of  time  spent  in  packing  ore  and 
loading  follows. 

Percentages  of  total  mining  time  per  montJi  spent  in  packing  ore  and  storing  in  uarehorise. 


Month. 

Maggie 

Flor- 
ence. 

NeUie. 

Great 
West- 
em. 

Henry 
Clay. 

Medea. 

Buck- 
eye and 
Noon- 
time.' 

Dixie. 

Vana- 
dite. 

Ura- 
nlte. 

Total. 

1914. 
June 

0.0 

.0 

.0 

.1 

.0 

.0 
1.8 

1.9 
2.06 
.8 
.04 

•s 

.0 
.0 
.0 
.0 
.0    . 

0.0 
.0 
.0 
.5 
.3 
.09 
.36 

.1 

.4 

.0 

.36 

.15 

.25 

.0 

.13 

"  ".'33" 

0.0 
.0 
.0 
.0 
.0 

ao 

July 

0.0 
.0 
.1 
.04 
.0 
.09 

.0 
.14 
.3 
.6 

■f 

.66 
.58 
.10 
.22 

0.0 
.0 
.5 
.04 
.0 
.14 

.2 

.3 

.0 

.0 

.05 

.06 

.04 

.02 

.10 

.11 

\ 

' 

.0 

August 

""6.0'" 
.0 
.0 

.0 

September 

October 

November 

0.0 
.6 

""b'o 

.0 

0.0 
.0 
.36 
.18 

0.0 
.0 
.0 

.75 
.98 
.45 

December 

.0 

.05 

.0 
.0 
.0 
.0 

2.63 

1915. 
January 

2.2 

February 

2.9 

March 

1.1 

April 

.0 
.0 
.0 

.0 
.0 

.0 

1.0 

May 

2.9 

June 

.0 
.0 
.0 
.0 

.0 
.0 
.0 

.0 

.3 

July 

.7 

August 

:::::::::: :::  :::i 

.73 

September 

.20 

October i 

.0 

.66 

Average . . 

.4 

.2    1 

1 

.1 

•2 

1 

0I.O 

1 

........ 

a  Approximately. 
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TBAN8POBTATION  OF  OBB. 

The  distance  between  the  claims  and  the  nearest  raihx>ad  station, 
PlacerviUe,  Colo.,  was  approximately  58  miles,  and  the  teams  made 
the  round  trip  in  seven  days.  Four  or  six  horses  hauled  two  wagons, 
one  of  them  a  trailer.  Four-horse  teams  hauled  3}  to  4  tons  of  ore; 
the  six-horse  teams  5  to  5^  tons.  As  Long  Park  is  isolated,  all  com- 
missary, mine,  and  mill  supplies,  including  lumber,  machinery,  etc., 
were  hauled  from  the  railroad  station  at  Placerville  or  intermediate 
points.  Usually  the  freighters  who  hauled  the  ore  loaded  the  wagons, 
but  frequently  were  assisted  by  miners  detailed  for  this  work.  At 
Placerville  the  ore  was  unloaded  into  the  warehouses  rented  by  the 
institute,  or  loaded  direct  into  the  railroad  cars,  which  were  narrow- 
gage  cars  holding  approximately  35,000  pounds  each.  Two  cars 
were  shipped  at  one  time,  and  were  reloaded  into  one  broad-gage  car 
at  Salida,  Colo. 

MISCEIIAVEOnS  AVD  GEVEBAL  WORK. 

MISCELLANEOUS. 

Under  ''miscellaneous  work"  the  most  important  item  was  cut- 
ting and  setting  up  mine  timbers,  but  it  also  included  making 
rough  roads  and  trails  and  carting  tools  to  the  various  workings,  set- 
ting up  and  moving  sorting  tables,  and  similar  unclassified  work. 
Not  more  than  half  of  1  per  cent  of  the  total  mining  shifts  was 
spent  in  these  tasks.  Roughly,  half  of  the  time  imder  this  item 
is  directly  chargeable  to  the  Maggie  C,  one-fourth  to  the  Florence, 
one-tenth  to  the  Great  Western,  and  the  rest  to  the  other  claims. 

GENERAL  EXPENSE. 

Under  the  caption  "general  expense"  were  included  items  incidental 
to  mining,  but  not  directly  chargeable  to  any  one  claim  in  particular. 
Chief  among  these  is  blacksmithing.  Approximately  4  per  cent  of 
the  total  TTiining  time  was  charged  to  the  "general"  account,  which 
included,  in  addition  to  blacksmithing,  such  items  as  making  tool 
boxes,  repairing  blacksmith  shop,  constructing  powder  magazine  and 
warehouse,  grinding  samples  for  electroscopic  tests,  overtime  for 
loading  wagons,  etc.  The  blacksmithing  time,  rightly  chargeable 
to  the  mine  accoimt,  averaged  a  Uttle  less  than  half  a  shift  daily,  or 
something  under  2^  per  cent  of  the  total  mining  time.  The  item 
included  sharpening  drill  steel  and  repairing  tools,  and  also  work 
in  mill  construction,  laying  track  on  the  Maggie  C  (Hsted  separately 
under  the  special  table  for  that  claim,  see  page  28),  and  camp  repairs. 
The  distribution  of  the  blacksmith's  time,  based  on  the  number  of 
holes  drilled  per  claim,  is  as  follows:  Maggie  C,  50.5  per  cent; 
Florence,  22.9  per  cent;  Nellie,  6.6  per  cent;  Great  Western,  8.7  per 
lOHQS**— 17 4 
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cent;  Henry  Clay,  2.6  per  cent;  Medea,  3.9  per  cent;  Buckeye  and 
Noontime,  1  per  cent;  Dixie,  1.3  per  cent;  Vanadite,  1.5  per  cent; 
Uranite,  1  per  cent.  An  average  of  about  eight  steels  were  sharpened 
per  hour  of  the  blacksmithfs  time,  at  a  cost  of  3^  cents  per  hole  blasted. 
The  figures  for  the  Buckeye  and  Noontime  claims  are  low,  because 
during  the  1914  work  on  these  claims  the  tools  were  sharpened  by 
the  miners. 

Other  work  not  included  in  the  foregoing  is  the  time  of  the  mine 
foreman,  which  was  distributed  over  the  various  claims  as  follows: 
Maggie  C,  56  per  cent;  Florence,  llj  per  cent;  Nellie,  5i  per  cent; 
Great  Western,  11  per  cent;  Henry  day,  3i  per  cent;  Media,  2 J  per 
cent;  Buckeye  and  Noontime,  2}  per  cent;  Dixie,  IJ  per  cent;  Vana- 
dite,  IJ  per  cent;  Uranite,  1  per  cent;  camp,  IJ  per  cent.  These  fig- 
ures take  into  consideration  the  number  of  men  at  work  on  the  claim 
during  each  month  of  the  mining  period,  the  distance  of  the  claims 
from  camp,  the  time  necessary  to  make  the  circuit,  and  the  fact  that 
at  times  several  workings  were  visited  in  one  trip  of  inspection,  and  at 
others  long  rides  were  necessary  to  visit  one  isolated  miner.  The 
figure  for  camp  includes  supervision  of  the  building  operations,  of 
repairs  and  general  maintenance,  and  is  rightly  chargeable  to  com- 
missaiy,  but  was  inserted  here  to  indicate  the  correct  ratio. 

comnssABT  avd  camp. 

The  distance  of  the  mines  from  any  town  necessitated  hving  quar- 
ters for  the  men,  consequently  a  camp  (see  PL  VI,  A)  was  estab- 
lished at  the  extreme  western  end  of  Long  Park,  on  the  Maggie  C  mill 
site  and  convenient  to  a  small  spring.  The  Idtchen,  the  foreman's 
office,  and  the  guest  house  were  frame  buildings  10  by  14  feet  in  di- 
mension. The  mess  room  and  the  men's  quarters  were  tents  stretched 
over  a  frame  made  of  2  by  4  inch  lumber,  but  provided  with  wooden 
floors  and  wooden  sidewalls  built  up  about  three  feet  from  the  floor, 
where  the  tent  walls  were  attached.  The  mess  tent,  14  feet  wide 
and  16  feet  long,  was. placed  at  the  rear  of  the  kitchen  building  and 
connected  with  it  by  a  door,  another  door  gave  access  from  the  out- 
side. The  tent  had  windows  on  three  sides,  and  contained  two  tables 
that  coiQd  accommodate  30  persons.  In  cold  weather  it  was  heated 
with  a  wood-burning  heating  stove,  in  summer  it  was  well  screened. 
The  men  were  housed  in  six  12  by  14  foot  tents  accommodating  five 
men  each,  a  similar  tent  being  provided  for  the  cook  and  flunkeys. 
The  men  slept  in  wooden  bunks.  In  winter  the  wooden  sides  of  the 
tents  were  covered  with  heavy  tar-paper  and  banked  with  earth;  air- 
tight stoves  made  the  quarters  comfortable.  Wood  for  these  stoves 
was  haided  to  camp  by  team  on  the  institute's  time  and  piled  con- 
veniently for  cutting.  %  Each  tent  was  equipped  with  a  kerosene  Ian- 
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tern,  a  wash  basin^  bucket,  and  broom.  The  men  were  given  mdi- 
vidual  canvas  water  bags  for  drinking  water,  which  they  took  with 
them  daily  to  work.  For  the  superintendent  a  10  by  14  foot  ''Colo- 
rado tent  house"  was  furnished.  The  cook  house,  foreman's  and 
superintendent's  offices,  and  guest  house  were  provided  with  gasoline 
lamps.  In  the  fall  of  1914  a  telephone  was  installed. 
'  The  saddle  horses,  which  nmnbered  one  to  three  diuring  the  work, 
were  housed  in  a  brush  corral  and  a  small  frame  stable.  A  chicken 
house  adjoined  the  corral. 

The  National  Badiimi  Institute  maintained  its  own  commissary, 
charging  the  men  $1  a  day  for  board,  and  not  seeking  to  make  any 
profit  from  this  charge.  The  food  comprised  canned  goods  and  other 
provisions,  fresh  meat,  vegetables,  and  fruit  in  season.  A  plentiful 
supply  of  pure  water  was  always  kept  on  hand,  although  during  more 
than  half  of  1915  this  had  to  be  hauled  daily  by  team  from  a  spring  a 
mile  and  a  half  distant.  Two  roomy  cellars  housed  the  provisions 
and  kept  them  cool  and  dry;  heavy  double  doors  prevented  freezing 
in  winter.    The  meat  house  was  thoroughly  screened  and  sheltered. 

Many  of  the  men  working  on  the  more  distant  claims  did  not  return 
to  camp  for  the  midday  meal  and  a  special  attempt  was  made  to  have 
their  lunches  attractive  and  appetizing.  As  a  result  of  the  attention 
given  to  the  commissary  the  men  were  satisfied,  and  changes  in  the 
personnel  were  infrequent.  Of  19  men  employed  August  1,  1914, 
13  were  still  on  the  payroll  on  October  1, 1915,  fourteen  months  later. 
As  breaking  in  new  men  to  camotite  mining  is  expensive,  because 
of  their  inefficiency  for  the  first  two  weeks  and  the  increased  demands 
on  the  foreman  in  educating  them  to  know  the  ore,  the  policy  of  allow- 
ing no  grounds  for  dissatisfaction  with  the  commissary  paid  splendid 
dividends,  even  though  the  department  might  be  conducted  at  a 
slight  loss.  The  superintendent  ordered  all  suppUes,  buying  monthly 
and  in  bulk  by  means  of  competitive  bids,  inventories  being  taken  at 
intervals  of  not  more  than  a  month. 

For  amusements,  through  the  kindness  of  Drs.  Douglas  and  Kelly 
of  the  National  Radium  Institute,  the  men  were  provided  with  a 
baseball  outfit  and  a  croquet  set.  Some  of  the  men  played  at  bowling 
or  ''  bocci. ''  A  phonograph  was  in  the  foreman's  house,  which  also 
served  the  purpose  of  general  club  house  and  reading  room.  All 
gambling  was  forbidden. 

SAFETY  AND  HEALTH  PBECAUTIOHS. 

Mining  for  camotite  is  less  hazardous  than  many  other  types  of 
mining,  because  the  workings  are  relatively  small  and  shallow  and 
largely  open  to  the  day,  and  also  because  the  miners  must  possess  a 
rather  high  grade  of  inteUigence.    Safety  in  working  conditions  and 


50  MINING  AND  CONCENTRATION   OF  CAKNOTITB, 

preyention  of  accidente  received  foremost  conaideration,  the  rule  of 
'^  Safety  first"  being  striotly  enforced,  as  far  as  possible,  and  con- 
stantly impressed  on  the  men. 

The  chief  dangers  were  from  possible  falls  of  rock  and  the  handhng 
of  explosiyes.  Each  miner  was  warned  repeatedly  to  take  time  to 
make  the  roof  safe,  and  always  to  examine  the  roof  and  the  walls 
carefully  after  each  blast.  As  the  men  were  paid  by  the  shift,  there 
was  no  particular  diflSculty  in  enforcing  this  precaution ;  yet  the  only 
accident  that  occurred  was  caused  by  violation  of  this  rule,  a  miner 
being  slightly  injured  by  the  fall  of  a  piece  of  rock  he  had  neglected 
to  pick  down. 

The  foreman  was  always  on  the  lookout  for  loose  rock  or  places  need- 
ing support.  The  superintendent  never  went  into  a  tunnel  without 
carefuUy  examining  the  walls  and  roof,  or  into  a  deep  surface  ex- 
cavation without  examining  the  walls.  It  was  repeatedly  impressed 
on  the  miner  that  whenever  the  roof  was  not  safe,  his  first  duty  was 
to  .pick  down  all  loose  rock  and  make  it  so,  or  if  timbering  was  neces- 
sary, to  get  timbers  and  put  them  in  place  before  undertaking  any 
other  work.  As  explained  previously,  on  a  claim  where  only  one  or 
two  men  worked  the  timbers  were  cut  by  the  miner  as  needed,  whereas 
on  claims  where  a  number  of  men  were  working  a  man  was  detailed 
periodically  to  cut  timbers,  which  were  then  hauled  by  team  to  the 
miners'  working  place.  As  a  fiu*ther  precaution  against  falls  of 
roof  the  stopes  were  refilled  with  waste  as  soon  as  possible  after  ex- 
cavation. 

The  hftTiflling  of  explosives  was  carefully  supervised.  The  main 
supply  of  dynamite,  rarely  more  than  a  ton  at  any  one  time,  was 
kept  in  a  dugout  in  a  hillside.  The  dugout  had  a  rock  wall  in  front, 
a  thick  roof  of  timbers  and  earth,  and  was  always  kept  locked,  the 
mine  foreman  having  the  key.  This  magazine  was  dry,  cool  in 
summer  and  comparatively  warm  in  winter,  and  sufficiently  out  of 
the  way  so  that  it  was  not  visited  except  to  obtain  dynamite.  As 
far  as  possible  the  dynamite  was  taken  to  the  individual  claims  in 
the  original  imopened  boxes,  but  where  only  a  small  quantity  was 
required  it  was  transported  carefully  in  a  canvas  ore  sack.  The 
supply  of  fuse  and  caps  were  kept  in  a  separate  place  under  lock  and 
key,  and  the  small  amounts  for  daily  use  at  the  claims  were  kept 
separate  from  the  daily  supply  of  dynamite.  The  miners  were  never 
permitted  to  handle  dynamite  carelessly.  In  cold  weather  hot-water 
powder  thawers  were  suppUed.  Cap  crimpers  with  wide  crimping 
faces  were  furnished  and  their  use  was  compulsory.  In  loading 
blast  holes  only  wooden  tamping  sticks  were  permitted,  a  supply 
being  kept  on  hand  and  issued  as  needed.  As  previously  stated, 
the  minimum  length  of  fuse  permitted  was  2  feet,  giving  the  miner 
about  a  minute  and  a  half  to  seek  shelter  after  igniting  the  fuse. 
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Before  blasting,  the  warning  cry  of  ''fire"  was  always  given  several 
times  and  the  fuse  was  not  lighted  until  the  rest  of  the  miners  in  the 
Tidnity  had  taken  shelter.  Misfires  were  rare,  except  in  very  cold 
weather,  when  the  fuse,  in  spite  of  repeated  warnings,  was  some- 
times handled  too  roughly  bdFore  it  was  thoroughly  wanned.  The 
miners  had  orders  in  case  of  a  misfire  to  wait  a  safe  interval  of  time 
before  approaching  the  hole.  -  ^ 

Intoxication,  often  a  contributory  cause  of  accidents  in  mining, 
was  mifaaown,  as  the  nearest  saloon  was  at  Placerville,  Colo.,  60 
miles  distant,  and  it  was  understood  that  any  man  discovered  with 
bquor  in  his  possession  would  be  discharged  immediately. 

No  sickness  more  serious  than  a  slight  cold  occurred  during  the 
milling  work,  one  contributing  cause  to  this  exemption  being  the  sup- 
ply of  pure  drinking  water  from  local  springs.  During  the  first  few 
months  of  the  work  the  spring  on  the  Maggie  C  mill  site  produced 
about  two  barrels  of  water  a  day,  enough  for  domestic  purposes, 
but  in  the  dry  season  in  1915,  the  spring  supplied  just  enough  water 
for  table  use,  and  water  for  cooking  and  for  the  men  to  carry  to  their 
work  had  to  be  brought  from  a  spring  about  a  mile  and  a  half  distant. 
As  the  coimtry  above  these  springs  was  wild  and  uninhabited,  the 
purity  of  the  drinking  water  was  assured.  A  simple,  wholesome 
diet,  as  varied  as  possible,  was  supplied  by  the  camp  commissary. 
Empty  cans  and  other  refuse  were,  carried  some  distance  from  the 
camp  and  buried.    Chloride  of  lime  was  used  freely  as  a  disinfectant. 

In  addition  to  these  precautions,  literature  on  mine  safety  was 
liberaUy  supplied  to  the  miners. 

PBODIFCTIOH  OF  CABVOTITE  OSE  BT  KATIOITAL  BADIUX 

nrSTITUTE. 

The  table  following  gives  data  on  all  shipping-grade  ore  mined 
from  the  institute's  leased  claims  prior  to  October  31,  1915,  and 
represents  49  narrow-gage  carload  lots  which  were  shipped  to  Den- ' 
ver,  Colo.  There  were  mined  approximately  970  tons  (gross  weight) 
of  ore,  the  net  weight  after  sampling  was  approximately  960  tons, 
and  the  net  dry  weight,  after  deducting  about  272  tons  of  moisture, 
was  approximately  932  tons  of  ore  averaging  2.6  per  cent  UsO,  con- 
tent. In  mining  this  shipping  ore,  about  2,000  tons  of  milhng  ore 
were  produced  having  an  average  content  of  0.8  per  cent  UgO,. 

Formerly  this  low-grade  ore  was  wasted  in  mining  shipping  ore^ 
and  as  the  recovery  by  concentration  of  the  milling-grade  ore  was 
about  60  per  cent,  about  2,300  milligrams  (theoretical  content)  of 
radium  element  were  recovered  by  concentrating  material  which, 
in  former  years,  was  lost. 

After  the  mining  described  in  this  paper,  approximately  60  tons  of 
shipping  ore  with  an  average  content  of  2i  per  cent  UsOg  were  pro- 
duced during  assessment  work  for  1916,  the  total  production  of 
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shipping  ore  being,  therefore,  approximately  990  tons.  Also,  there 
was  produced  in  1916  from  low-grade  milling  ore  approximately  300 
tons  of  camotite  concentrates  with  a  UsOa  content  averaging  3  per 
cent.  The  shipping  ore  contained  approximately  51,000  pounds  of 
uranium  oxide  and  the  concentrates  about  18,000  pounds.  Thus  the 
total  production  of  ore  and  concentrates  represents  approximately 
69,000  pounds  at-  uranium  oxide,  or  its  equivalent  of  about  8.8 
grams  of  radium  element. 

Shipments  of  camotite  ore  mined  by  the  National  Radium  Institute  from  its  leased  claims 

up  to  October  Sly  1915. 


Car  lot  No.  a 


1. 
2. 
3. 
4. 

6. 

6. 

7. 

8. 

9. 
10. 
11. 
12. 
13. 
14. 
16. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 


Total 

Average  6. 


Num- 
ber 
of 

bags. 


900 
1,100 
1,063 
1,096 
1,109 
1,091 
1,099 
1,042 
1,199 
1,154 
1,103 
1,238 
1,186 
1,092 
1,205 
1,171 
1,158 
1,244 
1,168 
1,177 
1,102 
1,090 
1,102 
1,056 

686 


27,631 


Net 

weight 

after 

sampllog, 


Lb9. 

64,767 

79,076 

73,688 

79,160 

78,884 

78,145 

80,865 

70,545 

82,625 

78,925 

76,636 

82,025 

82,646 

73,510 

83,880 

79,066 

78,130 

82,810 

79,936 

81,706 

78,946 

74,476 

79.999 

76,426 

43,061 


1,919,644 


Moist- 
ure. 


Ptret, 
2.26 
2.06 
2.00 
2.40 
2.00 
8.00 
6.60 
5.20 
6.40 
3.60 
4.20 
2.70 
3.00 
4.09 
1.90 
2.63 
1.33 
1.41 
2.66 
2.67 
2.62 
8.00 
1.99 
1.49 
2.30 


3.00 


W( 


el^t 
water. 


Lh». 
1,457 
1,644 
1,473 
1,900 
1,677 
2,344 
6,337 
3,668 
4,462 
2,841 
8,218 
2,230 
2,479 
3,007 
1,693 
2,079 
1,039 
1,167 
2,038 
2,181 
1,989 
2,234 
1,692 
1,124 
991 


66,664 


Net  dry 
weight. 


IAm. 

63,310 

77,430 

72,215 

77,200 

77,307 

76,801 

75,628 

66,877 

78,163 

76,064 

73,417 

80,395 

80,166 

70,608 

82,286 

76,986 

77,001 

81,643 

77,897 

79,624 

76,966 

72,241 

78,407 

74,301 

42,090 


1,863,878 


IT,0« 
con- 
tent. 


Peret. 
2.26 
2.71 
2.81 
2.83 
2.44 
2.21 
2.32 
2.76 
2.31 
2.24 
2.56 
2.63 
2.85 
2.37 
2.97 
2.98 
2.53 
2.61 
2.80 
2.51 
2.60 
2.63 
2.37 
2.85 
2.52 


2.00 


v,o. 

con- 
tent. 


Peret, 
6.43 
4.46 
4.00 
8.87 
3.46 
4.43 
4.40 
8.77 
4.40 
3.83 
4.21 
6.04 
8.64 
4.16 
3.97 
4.44 
3  04 
4.02 
6.07 
4.13 
5.16 
5.56 
4.78 
4.46 
4.59 


4.30 


Wel«^t 
In  ore. 


LU, 

1,430 

2,096 

2,029 

2,186 

1,886 

1,675 

1,752 

1,845 

1,805 

1,704 

1,879 

2,083 

2,284 

1,670 

2,443 

2,294 

1,960 

2,130 

2,251 

1,906 

2,070 

1,899 

1,858 

2,117 

1,060 


48,344 


W 


T' 


VjOs 

in  crc. 


Xte. 
3,437 
8,445 
2,931 
2,980 
2,674 
3,357 
3,323 
2,521 
3,439 
2.914 
3,090 
4,051 
2,918 
2,932 
3,266 
8,418 
2,806 
3,282 
3,919 
3,284 
3,963 
4,009 
8,747 
3,313 
1,831 


80,969 


a  Lots  1  to  24  represent  broad-gage  railroad  cars;  lot  26  a  narrow-gage  car. 
fr  Approximate. 

CAUTION  IS  BUTIKG  CABKOTITE  OSES. 

Caution  is  necessary  in  buying  camotite  and  other  radioactive 
ores.  Such  ores  have  always  been  purchased  on  the  basis  of  their 
uranium  content,  as  determined  by  chemical  analysis.  This  method 
ordinarily  is  sufficiently  accurate  as  indicating  the  equivalent 
radium  content  of  the  ore.  In  general,  and  especially  where  ore  is 
purchased  from  unknown  sources,  the  method  of  determining  the 
radium  content  of  an  ore  from  the  chemical  analysis  for  its  uranium 
content  is  not  satisfactory,  especially  if  the  ore  is  purchased  with  the 
prime  object  of  extracting  the  radium. 

Several  instances  are  known  to  the  writers  where  an  admixture  of 
yellow  sodium  uranate  and  other  uranium  compounds,  which  were 
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ground  to  the  size  of  some  of  the  grains  of  ore,  was  added.  The 
radium  from  such  material  had  been  extracted,  and  as  the  sodium 
uranate  and  other  uranium  compounds  usually  have  a  high  content 
of  U,0^  it  can  be  readily  seen  that  a  small  quantity  added  to  an  ore 
is  sufficient  to  increase  the  price  of  the  ore  considerably,  and  if  such 
an  ore  is  bought  on  the  basis  of  its  UsOg  content,  and  no  special 
radium  determination  is  made,  serious  losses  will  result  to  the  pur- 
chaser. The  admixture  of  small  quantities  of  uranium  compounds 
can  not  be  easily  detected  by  the  unaided  eye,  but  can  be  readily 
seen  under  the  microscope  when  a  carefid  examination  of  the  material 
is  made.  Radium  determinations  should  be  made,  therefore,  on 
such  ores  by  means  of  the  electroscope. 

Some  camotite  ores  contain  considerable  calcium  sulphate. and 
other  sulphates  which  interfere  with  the  extraction  of  uranimn, 
vanadium,  and  radium  by  some  processes.  Such  ores  principally 
come  from  Utah,  but  are  found  in  various  parts  of  Colorado.  Hence, 
camotite  ore  should  always  be  tested  for  its  sulphate  content. 


Chapter  II.   GRINDING    AND    SAMPLING    OF     SfflPPING 
ORE  BEFORE  CHEMICAL  TREATMENT. 

During  the  early  stages  of  the  mining  operations  the  National 
Radium  Institute  had  its  ore  ground  and  sampled  by  other  firms.  As 
experience  soon  showed  that  this  work  could  be  done  better  and  more 
cheaply  in  a  special  plant,  the  institute  installed  its  own  grinding  and 
sampling  plant  at  Denver,  Colo. 

The  principal  difficulty  in  crushing,  grinding,  and  sampling  camo- 
tite  ore  is  that  much  of  the  fine  light  dust  produced  can  not  be  satis- 
factorily saved  in  plants  constructed  primarily  for  sampling  ores  that 
produce  less  dust,  or  heavier  dust,  than  camotite  ore.  This  fine  dust, 
being  rich  in  camotite,  contains  more  uranium,  radiimi,  and  vanadium 
than  the  coarser  particles  of  the  ground  ore.  Unless  all  of  the  ma- 
ohinery  used  in  the  crushing,  grinding,  and  sampling  is  made  practi- 
cally dust  proof  and  is  provided  with  dust-collecting  devices,  much  of 
this  fine  rich  dust,  some  of  which  is  as  light  as  smoke,  is  lost,  and  a 
true  sample  of  the  ore  is  difficult  to  obtain.  The  problem  of  saving  the 
dust,  not  only  to  prevent  waste  but  also  to  obtain  a  true  sample,  had 
to  be  especially  considered  in  constructing  the  sampling  unit.  The 
entire  unit  was  made  practically  dust  proof,  and  ample  provision  was 
made  for  collecting  and  sampling  the  dust. 

DEScsiPTXOir  OF  CBUSEiiro,  OBnrDiiro,  ahd  samplivg 

PLAKT. 

The  hand^orted  shipping-grade  ore  as  it  came  from  the  mines 
consisted  of  lumps  that  would  pass  through  rings  1  to  3  inches  in  diam- 
eter, mixed  with  finer  material.  The  coarse  ore,  previous  to  chemical 
treatment,  has  to  be  ground,  and  at  first  the  ore,  after  having  been 
crushed  to  ^-inch  size,  was  ground  to  pass  a  40-mesh  screen.  As  the 
capacity  of  the  mill  could  be  increased  considerably  by  coarser  grind- 
ing, tests  were  made  to  determine  whether  ore  more  coarsely  ground 
could  not  be  treated  equally  well.  These  tests  proved  that  coarser 
grinding  was  an  advantage,  as  it  facilitated  filtering.  Thereafter  all 
ore  was  reduced  to  p^s  through  a-  10-mesh  screen  placed  at  an  angle 
of  45®  and  giving  a  product  per  screen  test  as  follows: 
54 
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RetuU*  of  screen  test  of  ground  ore  as  delivered  to  the  chemical  plant;  material  passing 

lO-m^^  screen  placed  at  .f  5^  an/jle. 

Per  cent. 

On  14  mesh 2. 0 

On  20  mesh 9.4 

On  28  mesh 16.0 

On  35  mesh 34.6 

On48meeh 19.0 

On  66  mesh 11.2 

On  100  mesh.  .^ 5. 4 

On  150  mesh 2.0 

On  200  mesh 6 

Through  200  mesh 9 

100.0 
NoTS. — ^All  dust  collected  passes  through  a  200-mesh  screen. 

As  the  ground  material  was  easy  to  sample,  the  sampling  device  was 
inserted  at  that  point.  This  device  was  so  arranged  that  one  four- 
hundredth  of  the  entire  weight  of  ore  treated  was  cut  and  collected 
as  a  representative  sample.  (See  p.  60.)  This  sample  was  mixed 
with  an  equal  proportion  of  the  dust  collected,  quartered,  spUt  and  a 
final  sample  taken.  The  moisture  sample  was  obtained  in  the 
usual  manner  just  before  the  ground  and  sampled  ore  was  weighed,  as 
described  on  page  60. 

DUST  OOLLBOTION  AOT)  BEKOVAL. 

An  coimections  between  the  individual  apparatus  were  of  strong 
galvanized-iron  pipes  and  spouts,  the  joints  being  soldered.  The  eleva- 
tor housing  was  of  galvanized  iron  with  all  joints  thoroughly  packed. 
The  screen  and  the  sampling  device  were  entirely  inclosed.  Access 
to  the  elevator  and  the  sampling  device  could  be  had  through  close- 
iStting  doors  that  were  packed,  hand  screws  being  provided  to  hold 
them  in  place. 

Tests  made  to  determine  what  the  loss  would  be  without  a  fan  and 
dust-coUecting  device  showed  that  the  loss  of  dust  would  be  enor- 
mous ;  the  dust  from  the  crusher  and  the  rolls  made  it  ahnost  impossible 
for  anyone  to  remain  in  the  grinding  room,  and  the  air  currents  cre- 
ated by  the  elevator  and  other  moving  parts  carried  the  dust  through 
all  openings. 

The  dust  from  camotite  ore  has  a  relatively  high  uranium  content 
and  is  very  irritating  to  the  nose,  throat,  and  lungs.  Therefore 
health  considerations  alone  necessitated  the  installment  of  fans  and 
dust-coUecting  devices.  The  V^alue  of  the  escaping  dust  was  con- 
siderable. For  instance,  the  dust  collected  frcnn  a  carload  of  80,000 
pounds  of  ore  amounted  to  1,500  poimds  or  about  2  per  cent.  In 
winter,  when  the  ore  arrives  from  the  mines  very  moist,  the  amount 
would  be  less.    This  dust,  however,   averages  about  8  per  cent 
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uranium  oxide,  whereas  the  ore  treated  averages  2.5  per  cent,  so  that 
the  loss  of  camotite  in  the  escaping  dust  averages  about  6  per  cent. 
Of  course,  not  all  of  the  escaping  dust  was  lost  before  the  dust- 
collecting  system  was  installed  as  some  of  it,  after  settling,  could  be 
collected  from  the  floor  and  other  places  in  the  mill.  The  dust  also 
works  into  the  bearings  and  other  wearing  parts  of  the  machinery. 

Dust-collecting  devices  being  an  absolute  necessity  as  regards 
safety,  health,  and  economy,  a  Sturtevant  '* Monogram"  No.  3 
blower  and  a  tubular  dust  collector  were  installed.  The  fan  was  run 
to  give  a  capacity  of  about  1,250  cubic  feet  of  air  per  minute.  The 
dust  collector  consisted  of  two  circular  compartments  each  having  20 
round  openings  8  inches  in  diameter,  to  which  cotton  tubes  or  hose 
were  attached.  The  lower  compartment  ended  in  a  cone  from  which 
the  collected  dust  could  be  drawn  through  a  gate  shutter.  The  20 
tubes,  which  were  16  feet  long,  practically  filtered  the  dust  from  the 
air,  the  latter  escaping  through  the  meshes  of  the  cloth.  As  some  of 
the  finest  dust  escaped  through  the  meshes,  the  entire  20  tubes  were 
surroimded  by  a  ^eet  of  cotton  cloth,  which  was  fastened  to  the 
outside  wall  of  the  upper  and  lower  compartments.  Thereafter 
practically  all  the  dust  was  collected  and  saved.  After  the  sampling 
of  each  carload  of  ore,  the  dust  was  drawn  from  the  collector,  and  the 
entire  unit  thoroughly  cleaned. 

The  fan,  placed  on  the  upper  floor  of  the  plant,  was  connected  with 
the  crushing  and  grinding  apparatus  by  means  of  galvanized-iron 
pipes.  Two  4-inch  pipes  were  soldered  into  the  upper  side  of  the 
discharge  spouts  of  the  crusher  and  the  rolls,  respectively,  and  joined 
about  3  feet  above  the  intake  into  one  7i  inch  vertical  pipe  bent 
gradually  to  a  right  angle  where  it  connected  with  the  fan  intake. 
This  pipe  was  also  connected  with  the  intake  spout  of  the  elevator 
boot.  The  dust  drawn  into  the  fan  was  blown  through  a  pipe  into 
the  upper  compartment  of  the  collector.  Various  other  pipe  con- 
nections provided,  such  as  a  dust  intake  pipe  near  the  top  of  the 
elevator  and  one  connecting  with  the  screen  housing  were  not 
necessary.  Most  of  the  dust  from  the  crusher  and  the  roUs  was 
removed  through  the  pipes  connected  to  discharge  spouts.  Any  dust 
which  was  not  thus  removed  and  was  carried  to  the  lower  part  of  the 
elevator  by  the  draft  from  the  descending  buckets  was  sucked  into 
the  spout  connected  with  the  fan. 

OPBBATION  OF  PLANT. 

• 

The  plant  was  belt  driven  from  a  25-kilowatt  Westinghouse  motor. 
One  man  operated  the  entire  plant,  dumped  the  ore  into  the  ore  bin, 
looked  after  the  oiling  and  repairs,  and  sacked  the  groimd  ore.  The 
final  sampling  was  also  done  by  him  under  the  supervision  and  in 
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the  presence  of  one  of  the  Bureau  of  Mines  employees.     The  capacity 
of  the  plant  was  approximately  10  tons  per  8-hour  shift. 
The  plan  and  sections  of  this  mill  are  shown  in  Plates  VII  to  X. 

GENERAL   PROCEDURE. 

The  ore  was  imloaded  from  the  railroad  cars,  elevated  to  the  upper 
floor  of  the  grinding  plant,  and  emptied  into  a  hin  holding  about 
25  tons.  Through  an  opening  1  foot  square  in  the  ore  bin  1,  the  ore 
was  mechanically  fed  through  a  swing-gate  feeder,  2,  over  a  chute 
into  a  5  by  9  inch  Sampson  crusher,  5,  set  to  crush  the  ore  to  J-inch 
size.  The  crushed  ore  dropped  through  a  spout,  4,  into  the  boot  of 
a  bucket  elevator,  5,  and  was  then  elevated  to  the  upper  floor  in 
the  building,  where  it  was  discharged  into  the  feeder,  6,  of  a  Newago 
lO-mesh  vibrating  screen,  7,  set  at  an  angle  of  45^.  The  oversize 
from  the  screen  fell  into  a  feed  pipe,  8,  and  dropped  into  the  hopper 
of  a  set  of  12  by  12  inch  Davis  rolls,  S,  on  the  lower  floor  of  the  build- 
ing. The  rolls  were  set  close  enough  to  make  a  product  passing  the 
Newago  screen,  and  this  product  dropped  through  a  spout,  10 y  into 
the  elevator  boot,  6.  The  material  elevated  to  the  upper  floor  of 
the  building  discharged  into  the  feeder,  6,  of  the  vibrating  screen,  7. 
The  oversize  was  retmmed  by  gravity  through  spout  8  to  the  rolb, 
S.*  The  undersize  from  the  screen  was  fed  by  gravity  through 
spout  11  into  the  sampling  device,  12,  which  was  suspended  from 
the  upper  floor  of  the  building.  The  reject  from  the  samphng  device 
dropped  through  a  spout  into  the  ore  bin,  14]  the  sample,  representing 
about  one  four-himdredth  of  the  quantity  of  ore  treated,  was  col- 
lected in  a  small  sample  bin,  18.  Both  the  orf3  bin  for  collecting 
the  reject,  and  the  sample  bin  are  made  of  heavy  galvanized  iron 
and  are  dustproof.    A  flow-sheet  of  the  process  follows: 

o  Only  one  elevatar  was  Installed  for  handling  the  products  from  the  crusher  and  the  rolls. 
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Ore  bin 
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FiOTTBX  3.— Flow  sheet  of  process  of  crushing,  pulvertfing,  and  sampling  oamotit  a. 
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SECOND-FLOOR  PLAN  OF  GRINDING  AND  SAMPLING  PLANT  OF  NATIONAL  RADIUM    INSTITUTE 

AT  DENVER,  COLO. 
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FIRST-FLOOR  PLAN  OF  GRINDING  AND  SAMPLING  PLANT  AT  DENVER,  COLO. 


GBINDING  AND  SAMPLING  SHIPPING   OBB. 


HSCHANICAL    SAHFLINO   DEVICE. 

The  mechanical  sampling  apparatus  consisted  of  two  Snyder  sam- 
plers with  a  mixer  between.  These  samplers  were  cast-iron  pans  16 
inches  in  diameter  with  flaring  sides,  set  edgewise  on  a  horizontal  * 
revolving  shaft.  A  spout  projecting  through  the  flaring  side  of  the 
pan  passed  under  the  feed  spout  at  each  revolution  of  the  machine 
and  cut  and  deUvered  a  sample. 

As  shown  in  figure  4,  the  operation  was  as  follows:  Spout  h,  pro- 
jecting through  the  flaring  side  of  pan  a,  passed  at  each  revolution 
under  feed  spout  c  and  delivered  a  sample  into  the  spout  d  of  the 


FiouRE  4.— BompUng  device. 


revolving  mixer/.  During  the  remainder  uf  the  revolution  of  the  pan 
a  the  stream  of  ore  from  feed  pipe  c  was  diverted  as  reject  into  spout  e. 
The  cut  sample  from  the  fiist  pan  passed  through  spout  d  into  the 
mixer  /,  and  the  mixed  material  was  dischai^ed  therefrom  into  feed 
spout  g.  The  stream  of  the  sample  passing  from  spout  g  was  again 
cut  by  the  projecting  spout  h'  of  the  second  pan  a'  at  each  revolution, 
the  cut  sample  passing  into  spout  i,  which  was  connected  with  the 
sample  bin  below.  The  stream  of  ore  during  the  remaining  part  of 
each  revolution  was  diverted  by  the  flaring  side  of  pan  a',  and  was 
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delivered  as  reject  through  pipe  h  into  the  ore  bin  bdow.  Pipes  e 
and  h  were  connected  with  the  same  ore  bin. 

The  entire  sampling  machine  was  indosed  in  a  dust-proof  box 
made  of  galvanized  iron  28  by  20  inches,  by  45  inches  high.  One  side 
of  the  housing  could  be  removed  for  inspection  of  the  machine;  the 
other  contained  a  door.  The  removable  side  was  packed  with  felt, 
and  the  door  was  fastened  to  the  box  by  means  of  hand  screws. 

The  opening  of  the  spout  in  the  pan  was  If  inches.  One-twentieth 
of  the  entire  quantity  treated  was  cut  by  the  first  pan,  the  second 
pan  also  cut  one-twentieth  of  the  sample,  the  final  sample  obtained 
being  one  four-hundredth  of  the  total  ore  passed  through  the  machine. 

COLLECTION   OF   MOISTURE   SAMPLES. 

As  soon  as  an  entire  carload  of  shipping  ore  had  been  ground  and 
mechanically  sampled,  and  just  before  the  ore  was  weighed,  the 
moisture  sample  was  taken  from  the  ore  collected  in  the  sample  bin. 
As  both  the  rejected  ore  from  the  sampler  and  the  cut  sample  were 
kept  in  air-tight  galvanized-iron  bins  imder  like  conditions,  the  moist- 
ure sample  was  taken  from  the  mixed  sample  (see  p.  55)  before  the 
final  cutting  was  made.  In  the  early  stages  of  plant  operation  the 
moisture  samples  were  taken  before  the  ore  was  dumped  into  the  ore 
bin  of  the  sampling  plant.  By  careful  tests  the  authors  found  that 
the  moisture  content  of  the  ore  varied  slightly  during  the  sampling, 
the  ore,  which  is  extremely  hygroscopic,  losing  or  gaining  moisture 
during  the  process.  As  the  ore  was  weighed  after  sampling,  it  seemed 
best  to  take  the  moisture  sample  at  the  same  time.  The  moisture 
sample  was  quartered  down  and  the  final  cut  was  put  at  once  into 
hermetically  sealed  glass  bottles.  The  moisture  content  was  deter- 
mined in  the  laboratory  of  the  Bureau  of  Mines. 
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Chaptbb  m.    CONCENTRATION  OF  MILLINQ  ORE. 

In  mining  camotite  ore  of  shipping  grade  considerable  low-grade 
ore  is  produced  which  is  not  rich  enough  in  uranium  content  to 
warrant  shipment,  but  may  contain  as  much  as  H  P^  cei^t  of  uranium 
oxide;  the  average  at  the  claims  of  the  National  Radium  Institute 
being,  according  to  observations  of  the  authors,  about  0.8  per  cent. 
At  many  mines  such  ore  formerly  was  not  kept  separate  from  the 
waste  rock  but  was  sent  to  the  dimip.  The  ratio  between  the  amoimt 
of  milling  ore  and  the  amount  of  shipping  ore  produced  in  mining 
varies  greatly,  as  low  as  one-quarter  ton  of  milling  ore  per  ton  of 
shipping  ore  being  produced  in  places  where  the  pockets  were  excep- 
tionally rich,  but  in  mining  poor. ore  as  nmch  as  10  tons  of  milling 
ore  per  ton  of  shipping  ore  have  been  mined. 

Early  experiments  showed,  as  stated  in  a  previous  publication,^ 
that  it  was  possible  to  concentrate  the  camotite  from  these  low-grade 
ores  by  either  the  wet  or  the  dry  method  and  thus  prevent  the 
relatively  large  waste  of  radium  which  the  mining  of  camotite  had 
entailed.  In  most  districts  of  the  camotite  belt  dry  concentration 
is  perhaps  preferable,  as  water  is  scarce.  Concentrating  the  low-grade 
ores  reduces  the  bulk  and  increases  the  uranium  content,  thus  effecting 
a  considerable  saving  in  haulage  and  freight  and  making  shipment 
profitable.  Where  enough  water  is  available  wet  concentration  can 
be  applied.  As  all  the  claims  operated  by  the  National  Radium  Insti- 
tute were  in  an  arid  rejgion,  where  no  water  for  concentration  was 
available,  the  dry  method  was  chosen. 

To  investigate  this  problem  and,  if  possible,  to  put  the  concentra- 
tion of  camotite  on  a  commercial  basis,  an  experimental  mill  was 
erected  by  the  National  Radium  Institute  on  the  Maggie  C  claim,  and 
extensive  tests  were  conducted  with  low-grade  ore.  All  milling 
ore  mined  on  the  various  claims  was  carefully  separated  and  placed 
in  as  available  localities  as  possible.  The  ore  on  the  Maggie  C  claim 
was  used  for  the  early  experimental  tests,  about  50  tons  of  concen- 
trates being  produced,  which  contained  3  to  7  per  cent  uraniimi 
oxide.  As  these  tests  were  a  success  the  mill  was  enlarged  and 
improved.  Its  equipment  and  the  results  obtained  are  described  in 
a  later  chapter.  Views  of  this  mill  are  shown  in  Plates  V,  B  (p.  40) 
and  VI,  B  (p.  48). 

a  Moore,  R.  B.,  and  Kithll,  K.  L.,  A  preliminary  report  on  uranium,  radium,  and  vanadium:  Bull.  70, 
Bureau  of  Mines,  1914,  pp.  35-40, 111-112. 
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METHODS  OF  GOirCEITTBATIira  CABVOTITE. 

As  camotite  partly  forms  the  binder  between  the  sand  grains  of  the 
sands  tone,  it  must  be  separated  from  these  grains  in  order  to  con- 
centrate it.  Consequently  the  ore  should  be  reduced  to  about  the 
fineness  of  the  sand  grains.  Care  must  be  taken  that  as  little  as 
possible  of  the  silica  is  ground  to  powder,  as  the  concentration 
depends  largdy  on  the  removal  of  fines  or  slimes  from  the  coarser 
material.  Some  of  the  camotite  adheres  tenaciously  to  the  surface 
of  the  sand  grains  and  can  be  liberated  only  by  attrition  or  elutriation. 
In  the  especially  devised  attrition  apparatus,  described  later,  the 
ground  ore  is  rubbed  by  means  of  rotating  brushes  pressing  against 
the  surface  of  a  circular  plate. 

In  order  to  concentrate  the  fines  or  slimes,  which  contain  most  of 
the  camotite,  either  the  wet  or  dry  method  of  concentration  can  be 
used.  In  the  wet  method  advantage  is  taken  of  the  difference  in  rate 
of  settling  of  different  sizes  of  the  agitated  material,  followed  by 
decantation  and  final  settling  of  the  slimes,  which  form  the  concen- 
trate. Dry  concentration  suggests  the  use  of  air  to  blow  or  suck 
the  fines  from  the  coarser  particles. 

A  complete  description  of  the  dry  methods  used  in  the  concentra- 
tion mill  of  the  National  Radium  Institute  are  given  in  the  following 
pages.  A  description  of  wet  methods  of  treatment  is  also  included 
as  being  of  general  interest,  although  not  used  in  this  work. 


ATTBmON  OF  THB  QBOTJND  OBB  BSFOBB  CONOBNTBATION. 

It  was  foimd  that  after  the  ore  had  been  ground  to  about  80  mesh 
or  finer  all  of  the  camotite  could  not  be  entirely  liberated  by  ordinary 
means.  In  order  to  save  this  camotite  a  special  attrition  apparatus 
was  constructed  whereby  the  adhering  carnotite  was  rubbed  or 
scraped  from  the  sihca  grains  mechanically  by  passing  the  grouad 
ore  between  a  pair  of  disks,  on  one  of  which  was  a  number  of  stiff 
wire  brushes.  The  disks  were  placed  one  above  the  other  in  a  hori- 
zontal position,  the  brushes  being  attached  in  spiral  form  to  the 
lower  side  of  the  upper  disk.  The  lower  disk  was  rotated  by  mechan- 
ical means.  The  material  to  be  treated  was  fed  through  a  hopper 
near  the  center  of  the  rotating  lower  disk  and  was  carried  gradually 
toward  the  outer  edge,  the  constant  attrition  by  the  wire  bristles 
removing  much  of  the  adhering  camotite  from  the  silica  grains. 
The  entire  apparatus  was  made  practically  dust  proof  to  save  the 
liberated  dust,  which  contained  the  valuable  camotite.  The  air 
current  caused  by  the  rotation  of  the  disk  tended  to  whirl  up  the 
liberated  dust,  which  was  removed  through  a  hole  in  the  upper  side 
of  the  housing  by  a  vacuum  cleaner,  and  formed  the  concentrate. 
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The  disks  were  3  feet  in  diameter,  and  approximately  2  tons  of 
material  could  be  treated  during  8  hours. 

This  capacity  was  insufficient  for  milling  on  a  commercial  scale, 
and  the  Raymond  pulverizing  and  dust-coUecdng  system  was  finally 
adopted.  The  manufacturers  of  that  system  had  already  made 
somewhat  similar  experiments  with  finely  ground  ore  for  other 
parties.  This  dry  concentration^  with  previous  coarse  grinding,  was 
ultimately  chosen  by  the  National  Radium  Institute  for  its  ore 
and. is  described  in  detail  later. 

WET  CONCENTBATION  OF  CAB.NOTITE  OBBS. 

In  the  application  of  the  wet  method,  the  ore  should  be  carefully 
ground  to  about  80  or  100  mesh.  Before  separation  it  will  be  neces- 
sary to  elutriate  the  ground  material  in  order  to  liberate  the  more 
tenaciously  adhering  camotite  from  the  silica  grains.  The  elutriated 
material  should  then  be  agitated  in  tanks  with  ample  water.  After 
agitation  the  coarser  particles  are  allowed  to  settle  and  the  Uquor, 
with  the  pulverulent  camotite  and  other  fine  material  (slimes) 
which  remain  in  suspension,  is  decanted  into  settling  tanks.  Water 
is  added  to  the  residue,  and  the  operation  repeated,  as  some  of  the 
camotite  is  carried  down  by  mechanical  action  with  the  coarser  silica 
grains.  A  number  of  settling  tanks  should  be  employed,  as  it  takes 
some  time  for  all  the  slime  to  settle.  After  thorough  settling  of  the 
slime  the  water  can  be  drawn  off  and,  if  necessary,  can  be  used  again. 
The  settled  slimes  form  the  concentrate. 

Fischer^  suggests  that  the  crushed  and  ground  ore  be  brought 
into  a  Dorr  classifier,  which  mechanically  separates  the  coarse 
material  from  the  slimes,  and  thereby  accomplishes  concentration 
at  the  same  time.  The  concentrates  are  carried  by  a  launder  into 
a  Dorr  thickener,  where  most  of  the  water  is  eliminated.  The  moist 
material  is  then  dried.  The  dried  cake  can  be  broken  and  put  into 
bags.  Fischer  claims  that  a  concentration  of  3 :1  can  be  effected  in 
this  way,  the  concentrates  being  three  times  as  rich  as  the  original 
low-grade  ore.  Therefore  an  ore  containing  0.75  per  cent  UjOg, 
€tccording  to  Fischer's  figures,  would  give  a  concentrate  containing 
only  about  2.25  per  cent  UgOg.  Such  a  product  seems  very  low 
grade,  and  no  doubt  better  results  than  these  can  be  obtained  by 
wet  concentration. 

J.  V.  N.  Dorr  suggested  to  the  authors  that  in  addition  to  the 
classifier  and  slime  thickener,  a  number  of  settling  tanks  similar  to 
those  used  in  countercurrent  decantation  be  provided  in  order  to 
make  the  process  more  continuous.  Such  a  method  will  require  the 
use  of  elutriation  in  order  to  make  a  better  recovery.    The  camotite 

«  ntOMB,  SlegHBd,  The  eacnotlte  tadostry:  Trans.  Am.  Electrocbem.  Soo.,  vol.  24, 1913,  pp.  3e&-368. 
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adhering  to  the  sand  grains  must  first  be  liberated  and  agitation  with 
water  alone  will  not  free  it,  as  many  tests  hare  shown. 

Although  the  Dorr  classifier  apparently  ought  to  give  good  results 
in  the  wet  concentration  of  camotite  ores,  other  systems  of  agitation 
followed  by  decantation  and  settling  should  also  be  of  commeircial 
use  wherever  enough  water  is  available. 

Nothing  is  known  as  to  the  cost  of  such  methods,  but  it  should 
be  low. 

PBOCESS  T7SED  BY  NATIONAL  BADIXTH  INSTITT7TE. 

In  concentrating  low-grade  ore  the  National  Radium  Institute,  as 
previously  stat^,  employed  the  dry  method  because  the  water 
supply  at  Long  Park  was  sufficient  for  domestic  use  only. 

DESCRIPTION  OF  PLANT  DUBING  EXPERIMENTAL  STAGE. 

The  concentration  mill,  built  on  the  Maggie  C  claim,  was  equipped 
during  the  experimental  stage  with  an  ore  bin,  a  5  by  9  inch  Sampson 
crusher,  and  a  Raymond  No.  00  pulverizing  machine  with  a  tubular 
dust  collector.  The  crushed  ore  was  dried  before  it  was  pulverized. 
During  the  experimental  work,  the  drier  was  a  steel  plate  one-fourth 
inch  thick,  6  feet  long  and  3  feet  wide,  with  edges  tinned  up  on  three 
sides,  which  was  placed  on  a  low  stone  firebox,  in  which  a  coal  or  wood 
fire  was  built.  The  machines  were  driven  by  a  25-horsepower  Fair- 
banks-Morse kerosene  engine. 

The  Raymond  machine  had  a  beater  chamber  containing  two  sets 
of  rapidly  revolving  beaters.  Over  the  beater  chamber  was  a  cone  of 
galvanized  iron,  within  which  was  an  inner' cone  provided  at  its  lower 
end  with  a  swinging  discharge  gate.  The  two  cones  were  connected 
at  their  upper  ends  by  a  number  of  small  gate  shutters  and  had  a 
common  top  or  cover  plate.  A  large  pipe  from  thd  center  of  their 
top  led  to  an  exhaust  fan  mounted  on  the  same  shaft  as  the  beaters. 
This  fan  discharged  into  a  cyclone  dust  and  air  separator,  which  was 
connected  by  a  return  pipe  with  the  beater  chamber  of  the  pulverizer. 
A  small  pipe  led  from  this  return  pipe  to  a  tubular  dust  collector. 
Both  the  cyclone  separator  and  the  tubular  dust  collector  had  discharge 
gates  at  their  lower  end. 

The  Raymond  mill  is  used  extensively  to  pulverize  cement,  paints, 
etc.  In  such  work  the  beaters  reduce  tiie  material  to  a  fine  powder. 
In  the  concentration  of  camotite,  however,  such  pulverizing  proved 
unnecessary  and  even  detrimental,  the  function  of  the  beaters  being 
chiefly  to  stir  up  the  ground  ore  fed  into  the  machine  so  that  the  camo- 
tite dust  could  be  removed  from  the  larger  grains  of  siUca.  With  this 
machine  the  use  of  any  other  attrition  was  unnecessary,  as  the  silica 
grains  whirled  around  in  the  beater  chamber  rubbed  against  each  other 
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and  the  lining  of  the  chamber.  The  beaters  also  caused  further  disin- 
tegration of  the  material  into  grains,  thus  liberating  the  adhering 
camotite. 

The  finer  material  was  drawn  by  suction  into  the  space  between  the 
outer  and  inner  cones,  but  the  coarse  particles  dropped  out  of  the  air 
current  and  fell  back  into  the  beater  chamber.  Here  the  stronger 
air  current  practically  air  washed  the  coarser  particles  free  from  the 
dust,  after  which  they  automatically  dropped  through  the  tailing 
spout  at  the  front  of  the  pulverizer.  TTie  finer  material  passed 
through  the  gate  shutters  into  the  inner  cone,  where  a  further  separa- 
tion took  place,  the  finer  particles  being  drawn  through  the  fan,  while 
the  coarser  particles  fell  to  the  bottom  of  the  inner  cone  and  were 
automatically  discharged  again  into  the  beater  chamber. 

The  volume  of  air  used  was  large,  and  the  air  current  was  light 
enough  to  carry  oflf  the  fine  powder.  The  fan  blew  the  dust  into  the 
cyclone  separator,  where  the  dust  was  separated  from  the  air  and 
automatically  discharged  as  concentrate  No.  1.  This  cyclone  air  sep- 
arator furnished  the  bulk  of  the  camotite  concentrate.  The  surplus 
air  was  returned  through  a  connecting  pipe  from  the  top  of  the 
separator  into  the  pulverizer;  a  certain  amount  of  this  surplus  air 
blown  into  the  tubular  dust  collector  through  a  smaller  pipe,  fur- 
nished concentrate  No.  2,  which  consisted  of  the  very  finest  dust,  and 
hence  was  richer  than  concentrate  No.  1.  However,  the  amount  col- 
lected was  comparatively  small,  only  about  IJ  per  cent  of  the  weight 
of  concentrate  No.  1 . 

The  ore  was  dumped  onto  the  drying  plate  in  about  250-pound  lots 
and  stirred  by  hand  with  an  iron  rake  until  dry,  much  dust  being 
carried  away  mechanically  with  the  steam.  This  drier  had  a  capacity 
of  4i  tons  of  ore  a  day  with  three  shifts.  The  dried  ore  was  fed  by  hand 
into  the  feed  hopper  of  the  pulverizer.  During  these  experiments  about 
50  tons  of  concentrate  No.  1,  containing  about  3.25  per  cent  uranium 
oxide,  and  1,600  pounds  of  concentrate  No.  2,  with  a  uranium  oxide 
content  of  about  6  per  cent,  were  produced.  The  ratio  of  concentra- 
tion was  about  6:1.  The  recovery  of  UgOg  in  the  concentrate  during 
the  experimental  stage  was  about  50  per  cent. 

The  experimental  niill  required  the  following  help:  One  foreman, 
one  crusher  man,  one  laborer  to  carry  ore  to  the  drier,  three  drier  men 
(one  for  each  of  three  shifts  per  day) ,  and  one  man  to  feed  the  pulveriser 
and  remove  the  tailings. 

Coal  and  wood  were  used  for  the  drier.  The  coal  was  hauled  from  a 
niine  near  Nucla,  Colo.,  a  distance  of  about  20  miles.  The  wood  was 
local  pinon  and  scrub  cedar.  The  kerosene  for  the  engine  had  to  be 
haded  from  Placerville,  Colo.,  a  distance  of  about  58  miles. 
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DESOBIFnON  OF  COMPLETED  CONCENTRATION  MILL. 

As  the  experimental  results  were  satisfactory,  the  National  Radium 
Institute  decided  to  complete  the  mill  and  operate  it  on  a  commercial 
basis.  In  addition  to  the  apparatus  already  described,  the  following 
equipment  was  installed:  A  mechanical  drier  and  fan,  a  cyclone  dust 
collector,  2  sets  of  rolls,  2  bucket  elevators,  an  ore-belt  conveyor,  a 
tailings  belt  conveyor,  a  vibrating  screen,  additional  fans,  piping  and 
dust  collectors,  and  another  25-horsepower  Fairbanks-Morse  kerosene 
engine.    Plate  XI  shows  the  interior  of  the  mill. 

The  new  equipment  necessitated  changes  and  additions  to  the  mill 
building.  The  completed  building  was  38  feet  6  inches  long  and  30 
feet  wide,  the  greatest  height  was  23  feet ;  the  engine  room  was  13  feet 
high  on  one  side,  sloping  to  1 1  feet.  On  the  north  side,  a  small  shed 
10  by  10  by  10  feet,  formerly  used  as  the  drying  room,  served  as  a 
storage  room.  All  new  additions  had  a  light  framework  covered 
with  painted  corrugated  iron. 

Plates  XII,  XIII,  and  XIV  show  the  plan  view,  section  A-A,  and 
section  B-B,  respectively.  In  the  illustrations  1  designates  an  ore 
bin  built  on  a  foundation  of  piled  rock  .  The.bin  was  made  of  heavy 
timber  and  planks,  fastened  together  with  iron  rods  threaded  at  either 
end.  It  was  8  by  10  by  10  feet  in  size,  and  held  about  40  tons  of 
milling  ore.  At  its  lower  end  the  bin  had  an  opening  about  8  inches 
square,  beneath  which  was  a  swing-gate  feeder  S  that  discharged  into 
a  chute,  S,  placed  at  an  angle  of  45^.  The  upper  part  of  the  bottom 
side  of  this  chute  held  a  strong  wire  screen  with  ^-inch  apertures. 
The  chute  ended  in  a  spout  that  discharged  through  a  pipe  into  the 
boot  6  of  elevator  No.  1.  The  screen  of  the  chute  extended  to  the 
feed  hooper  of  a  5  by  9  inch  Sampson  crusher,  ^.  The  discharge 
spout  of  the  crusher  connected  with  elevator  boot  5. 

This  elevator  had  3^  by  5  inch  steel  buckets  mounted  on  a  6-inch 
rubber  belt,  and  was  housed  in  8-inch  pipes.  Belt  conveyor  6  had 
a  10-inch  rubber  belt  supported  on  wooden  rollers.  The  two  pulleys 
were  mounted  on  a  framework  of  4  by  4  inch  lumber.  Underneath 
the  conveyor  frame  was  a  semicircular  pan  to  keep  pieces  of  rock 
from  falling  into  the  mill  below. 

At  the  discharge  end  of  this  conveyor  a  small  hopper  and  pipe,  7, 
connected  with  the  feed  hopper  5  of  a  Ruggles-Cole  single-shell  rotary 
drier,  d,  with  a  shell  12  feet  long  and  3  feet  in  diameter.  The  smoke- 
stack, SISf  at  the  upper  end  of  the  drier  had  in  one  side  an  opening 
connected  by  a  pipe  with  a  Buffalo  No.  5  blower,  SS.  Both  the 
smokestack  and  the  pipe  had  dampers.  The  smokestack  was  used 
when  the  fire  in  the  drier  was  started.  The  blower,  which  was  used 
exclusively  during  operation,  was  connected  through  another  pipe 
with  a  cydone  dust  collector  S4  oi^  tbe  roof  of  the  building. 


CONCENTRATION  OF  MILLING  OBE.  67 

llie  outlet  at  the  top  of  the  cyclone  waa  28  inches  in  diameter,  and 
\9'sts  connected  through  a  28-indi  pipe  with  an  especiaUy  constructed 
dust  collector,  or  bag  house  S4^j  consisting  of  a  cylindrical  upper 
oompartment  or  tank  made  of  No.  16  galvanized  iron,  and  a  lower 
compartment  which  was  cone  shaped.  Tliese  were  7  feet  6  inches  in 
diameter,  and  were  connected  by  an  inner  hose  made  of  burlap, 
which  was  surrounded  by  another  hose  made  of  unbleached  muslin, 
the  length  of  each  hose  being  10  feet*  The  upper  compartment  had 
a  circular  opening  at  the  top  3  feet  in  diameter,  over  which  was 
stretched  a  piece  of  burlap.  The  gases  escaped  partly  through  the 
hose  and  partly  throu^  the  burlap;  the  dust  was  coUected  inside 
and  was  drawn  off  at  the  opening  in  the  lower  end  of  the  cone. 

Trial  rans  had  shown  that  much  dust  escaped  from  various  points 
in  the  apparatus.  In  order  to  save  this  dust,  a  system  of  3-inch 
galvanized  iron  pipes  was  attached  at  the  points  where  the  chutes 
from  the  crusher  and  screen  and  those  from  the  drier  and  rolls 
entered  the  upper  side  of  the  boots  of  elevators  Nos.  1  and  2,  respec- 
tively. These  pipes,  which  were  almost  vertical,  connected  with  a 
7^-inch  pipe  leading  to  the  intake  of  a  Buffalo  No.  3  blower  fan. 
Another  pipe  7i  inches  in  diameter  was  connected  with  the  outlet 
of  this  blower,  and  at  its  lower  end  was  fitted  into  the  top  of  dust 
collector  £4*  The  blower  had  a  dust  trap  in  its  intake  and  another 
trap  in  its  outlet.  At  the  lower  end  of  the  drier  and  near  the  fire 
box  9a  a  discharge  spout,  10,  led  into  the  boot,  11,  of  the  elevator  No. 
2.  Hiis  elevator  had  3^  by  5  inch  steel  buckets  fastened  to  a  sprocket 
chain  and  was  housed  completely,  8-inch  pipes  being  used  between 
the  boot  and  the  head.  Its  discharge  spout  was  soldered  to  the  feed 
hopper  of  a  vibrating  screen,  li.  A  small  screw  conveyor  in  the 
upper  part  of  the  screen  housing  fed  the  ore  to  a  }-inch  screen, 
4  inches  below  which  was  a  10-mesh  screen.  Both  screens  were 
placed  at  an  angle  of  45^.  The  entire  screen  housing  was  made 
practically  dust  proof,  and  two  spouts  at  the  lower  end  ended  in 
4-inch  pipes  of  No.  16  galvanized  iron  which  connected  with  the  feed 
hopper  of  a  set  of  9  by  12  inch  McFarland  rolls,  IS,  and  a  set  of  12 
by  12  inch  Sturtevant  rolls.  The  latter  are  not  shown  in  the  plates, 
as  they  were  installed  later.  The  oversize  of  the  ^-inch  screen  went 
to  the  McFarland  rolls  and  the  oversize  of  the  10-inch  screen  U>  ^he 
Sturtevant  rolls  for  further  grinding.  The  material  passing  through 
the  10-mesh  screen  went  to  the  storage  hopper,  14,  of  the  pulverizer. 
Discharge  spouts  from  the  rolls  led  into  the  boot,  11,  of  elevator 
No.  2.  Nos.  16  to  19  designate  the  Raymond  mill  and  the  dust- 
collecting  system  described.  Below  the  tailings  spout  of  the  pul- 
verizer, 16,  was  installed  a  horizontal  tailing  belt  conveyor,  £5,  8 
feet  long,  which  discharged  at  right  angles  on  a  tailing  belt  conveyor 
26a,  35  feet  long,  with  a  17  per  cent  upgrade,  which  extended 
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lihrough  tlie  east  side  of  the  building,  the  outer  end  being  supported 
on  a  scaffold  about  25  feet  from  the  building.  This  conveyor  was 
of  rubber  belting  10  inches  wide  supported  by  roUets,  with  a  12-inch 
iron  pulley  at  each  end. 

Four  water  tanks,  ;97,  outside  the  building  furnished  the  cooling 
water  for  the  two  25-horsepower  engines,  26.  Kerosene  feed  tanks, 
28,  were  buried  in  the  ground  near  the  water  tanks.  Power 
was  transmitted  by  two  shafts;  one  making  530  revolutions  per 
minute  drove  the  Raymond  machine  and  the  tailings  conveyors. 
The  other  shaft,  making  200  revolutions  per  nunute,  drove  the  rest 
of  the  machinery.    Thus  the  mill  could  have  been  operated  in  two 
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FiouBS  5.— Flow  sheet  of  oonoentrating  mill. 


units  if  necessary  on  account  of  a  breakdown  of  either  unit.  Ample 
provision  was  made  for  storage  of  the  ground  ore  in  the  pulverizer 
hopper,  jf4. 

A  coal  storage  bin  was  built  at  the  east  side  of  the  building,  and  a 
smaller  one  inside  for  daily  use. 


COUBSE   OF  QBE   IN  THE   MILL 


The  course  of  the  ore  through  the  mill  is  indicated  by  the  flow 
sheet  shown  in  figure  5.  The  milling  ore  was  dumped  onto  the  grizzly 
(PLY,  6>p.40);Whichhadbai8spaced  1  finches  apart;  the  larger  pieces 
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of  rock  were  broken  with  a  rock  hammer.  Pieces  of  waste  rock  were 
thrown  out.  From  the  ore  bin  the  ore  was  fed  mechanicaUy  onto 
a  ^-inch  screen  {>laced  at  an  angle  of  45°.  The  oversize  dropped 
into  the  crusher,  the  jaws  of  which  were  set  to  make  a  ^-inch  product. 
The  undersize  dropped  through  a  chute  into  the  boot  of  elevator 
No.  1,  as  did  the  material  passing  through  the  crusher.  The  material 
discharged  from  the  elevator  was  carried  by  belt  conveyor  No.  1 
across  the  building  and  dropped  through  a  pipe  into  the  feed  hopper 
of  the  rotary  drier.  In  passing  through  the  drier  the  ore  was  re- 
peatedly lifted  by  the  shelves  within  and  poured  through  the  hot 
gases  coming  from  the  fire  box  at  the  lower  end.  Considerable  dust 
was  liberated  y  which  was  carried  with  the  gases  and  steam  into  the 
smokestack.  To  save  this  dust  all  gases  and  steam  were  drawn 
off  by  the  fan  through  the  pipe  connected  with  the  smokestack  and 
blown  into  the  cyclone  dust  collector.  Through  a  pipe  at  the  lower 
end  of  this  collector  the  separated  dust  was  drawn  off.  This  dust 
formed  concentrate  No.  3. 

Considerable  very  fine  dust  carrying  camotite  escaped  through  the 
opening  at  the  top  of  the  cyclone  separator  and  was  blown  through 
another  pipe  into  the  dust  collector,  or  bag  house.  The  dust  so  col- 
lected formed  concentrate  No.  4.  The  dried  ore  left  the  drier  at 
its  lower  end  near  the  fire  box  and  discharged  into  the  boot  of  elevator 
No.  2.  The  hot  ore  was  elevated  to  the  vibrating  screen,  where  the 
screw  conveyor  distributed  it  equally  over  the  screening  surface. 
The  oversize  of  both  the  }-inch  and  lO-mesh  screens  fell  through 
pipes  into  the  feed  hoppers  of  the  two  sets  of  roUs;  the  imdersize 
passed  through  a  chute  to  the  storage  hopper  of  the  Raymond  mUl. 
The  screened  material  consisted  of  ground  ore  as  shown  by  the  fol- 
lowing screen  test: 

Results  of  screen  test  offfround  ore  as  fed  to  Raymond  mill. 

'  Per  oent. 

On  35  mesh 13.8 

On  48  mesh 18 . 0 

On  66  meah 27. 4 

On  100  meah 19. 6 

On  150  meeh 13. 2 

On  200  meah 2. 7 

Through  200  meah 5.3 

100.0 

The  oversize,  after  passing  the  rolls,  dropped  again  into  the  boot  of 
elevator  No.  2,  and  was  returned  to  the  screen  until  all  of  it  passed 
through  the  10-mesh  screen.  The  ground  and  dried  pre  from  the 
storage  hopper  was  automatically  fed  into  the  pxilverizer  chamber  of 
the  Raymond  mill,  when  the  camotite  was  separated  from  the  silica 
grains,  as  already  described.    The  tailings,  which  automatically  dis- 
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charged  from  the  pulverizer,  dropped  onto  the  tailing  conveyor  anc 
were  carried  to  the  dump.  The  size  of  the  tailings  corresponds  U 
the  following  screen  test: 

Results  of  screen  test  of  tailings. 

Percent. 

On  35  meeh 3. 0 

On  48  mesh 8. 0 

On  65  mesh 20.4 

On  150  mesh 57 . 0 

On  200  mesh 11.6 

The  tailings  were  practically  free  from  camotite  dust. 

The  blower  fan  connected  with  the  boots  of  elevators  No.  1  and 
No.  2  drew  off  the  dust  from  these  points  and  blew  it  into  the  dusi 
collector  already  described. 

It  is  essential  in  concentrating  camotite  ore  by  the  dry  method 
that  all  apparatus  be  so  inclosed  and  connected  with  each  other  as 
to  make  the  entire  unit  dust  proof,  for  all  dust  created  in  the  mill 
contains  camotite  and  is  part  of  the  concentrate. 

As  already  stated  the  concentrates  were  of  four  kinds,  as  follows: 
Concentrate  No.  1,  from  the  cyclone  separator  of  the  Raymond 
mill;  concentrate  No.  2,  from  the  tubular  dust  collector;  concentrate 
No.  3,  from  the  cyclone  separator  for  the  mechanical  drier  and 
from  the  two  dust  traps  connected  with  the  auxiliary  dust-coUecting 
fan;  and  concentrate  No.  4,  from  the  dust  collector  or  bag  house  re- 
ceiving the  gases,  dust,  and  steam  from  the  drier  cyclone.  The  intake 
of  the  last  was  also  connected  through  the  blower  fan  with  the  orusher, 
elevator  No.  1,  the  drier  discharge  spout,  the  rolls,  and  elevator  No.  2, 
and  all  dust  drawn  off  from  them  went  into  concentrate  No.  4.  The 
relative  percentages  of  the  four  concentrates  obtained  in  operating 
the  mill  were  approximately  as  f  oDows :  No.  1  concentrate,  88  per  cent; 
No.  2  concentrate,  2  per  cent;  No.  3  concentrate,  7  p«  cent;  and  No. 
4  concentrate,  3  per  cent. 

In  order  to  sample  the  feed  and  the  tailings  operation  and  estimate 
the  approximate  weight  of  ore  fed  or  tailings  discharged,  small 
sampling  devices  were  installed. 

FEED   SAMFLBR. 

The  feed  sampler  was  a  chute  or  trough  that  passed  periodically 
imder  the  stream  of  ore  from  the  automatic  discharge  hopper  on  the 
bottom  of  the  ore  bin,  and  thus  removed  a  small  sample. 

This  chute  was  made  of  No.  16  gage  sheet  iron  and  was  4  inches 
square  and  3  feet  long.  It  was  pivoted  at  its  lower  end,  the  upper 
end  being  supported  by  a  piece  of  strap  iron,  and  was  set  at  an  angle 
of  40°  with  the  horizontal.    The  movement  of  the  sampler  was  pro- 
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duced  through  a  rod  and  lever  actuated  by  a  trip  on  a  S-inch  belt. 
This  belt  was  17  feet  6  inches  long  and  made  one  complete  revolution 
every  50  seconds,  pushing  the  chute  under  the  ore  stream  once  every 
revolution.  A  counterweight  returned  the  chute  to  its  original  posi- 
tion. A  sack  at  the  lower  end  of  the  chute  caught  the  portions  of  ore. 
The  sample  obtained,  which  was  something  less  than  a  himdredth 
part  of  the  weight  of  the  feed,  was  quartered  by  hand  to  approxi- 
mately 25  pounds;  then  broken  by  hand  to  about  (-inch  mesh; 
and  then  reduced  to  1  pound  through  a  split  sampler.  The  residue 
after  being  ground  on  a  bucking  board  to  pass  a  40-mesh  screen 
was  reduced  by  a  spUt  sampler  to  approximately  a  quarter  of  a 
pound.    This  sample  was  tested  with  the  electroscope. 

TAILINOS  SAMPLEB. 

For  the  tailings  sampler  more  room  was  available,  so  that  e  sampler 
of  somewhat  different  type  was  evolved.  A  sheet-iron  tray  11 
inches  long,  1  inch  deep,  and  If  inches  wide,  with  sides  carefully 
filed  to  a  knife  edge,  was  suspended  from  1-inch  rod  hung  between 
two  parallel  endless  sprocket  chains  placed  14  inches  apart.  These 
chains  were  of  No.  25  link  belt  and  were  162^  inches  long,  or  exactly 
a  hundred  times  the  width  of  the  tray.  The  sample  represented 
just  1  per  cent  of  the  weight  of  the  tailings. 

The  chains  were  driven  by  3-inch  sprockets.  In  passing  the  sprocket 
the  tray  turned  completely  over  and  its  contents  fell  into  a  sack. 
The  chain,  guided  by  idler  pulleys,  carried  the  tray  so  that  it  passed 
through  the  stream  of  sand  falling  from  the  pulverizer  discharge 
onto  the  conveyor  and  took  one  complete  cut  of  this  entire  stream 
every  35  seconds.  At  the  end  of  each  day's  run  this  sample  was 
carefully  weighed,  and  by  multiplying  this  result  by  100  the  total 
weight  of  tailings  produced  was  determined.  The  sample  was  usually 
fine  enough  to  pass  a  20-mesh  screen  and  was  reduced  in  a  split 
sampler  to  the  amoimt  required  for  electroscopic  tests. 

SAMPUNO  OF  CONCENTRATES. 

All  four  products,  concentrates  Nos.  1,  2,  3,  and  4,  were  sampled 
by  means  of  a  pipe  sampler. 

As  camotite  concentrates  are  a  very  fine  dust  or  powder  which, 
being  hygroscopic,  quickly  absorbs  moisture  from  the  air,  they  pack 
tightly,  so  that  mechanical  sampling  is  impracticable.  It  was  foimd 
most  suitable  to  sample  the  concentrates  by  means  of  a  pipe  or  ^ '  cheese 
scoop"  sampler,  made  of  a  piece  of  brass  pipe  about  one-half  inch 
in  diameter  and  30  inches  long.  About  one-third  of  the  pipe  is 
removed  to  form  a  slot;  that  is,  a  strip  lengthwise  of  the  pipe  is 
cut  out,  with  the  exception  of  about  4  inches  on  one  end,  to  which 
a  wooden  handle  is  fastened.    The  lower  end  of  the  pipe  is  roimded 
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off  and  slightly  sharpened.  This  sampler  was  pushed  into  each  bag 
of  concentrate  in  two  different  places.  The  pipe,  filled  with  a  rep- 
resentative cut  of  the  concentrate,  was  then  drawn  from  the  bag  and 
its  contents  were  pushed  out  or  the  pipe  was  lightly  tapped  with  a  piece 
of  wood.  Two  samples  were  taken  from  each  bag.  Each  bag  should 
be  sampled  in  the  same  places  in  order  to  insure  the  sample  being 
representative.  The  gross  sample  obtained  was  thoroughly  mixed 
and  coned,  quartered,  and  finally  split-sampled  to  the  desired  quan- 
tity. 

BLECTB08C0PIC  TESTS  OF  CONCENTRATES. 

Field  tests  of  concentrates  in  the  electroscope  are  in  general  the 
same  as  for  ore,  as  described  under  'Testing  Ores."  An  important 
fact  to  be  remembered  is  that  the  heat  required  to  dry  the  ore  for 
the  Raymond  mill  drives  off  a  certain  amount  of  radium  emanation 
from  the  ore,  the  amount  varying  with  the  degree  and  duration  of 
heating.  One-half  of  the  emanation  thus  driven  off  will  accumulate 
again  in  a  period  of  3.9  days,  although  approximately  30  dajrs  are 
required  for  the  emanation  to  regain  full  strength.  The  amount 
of  emanation  driven  off  in  heating  the  ore  in  the  mill  of  the  National 
Radium  Institute  during  the  winter  months  was  approximately  5 
per  cent.  Therefore,  as  this  loss  of  emanation  affected  the  apparent 
residt  in  the  electroscope,  if  the  radioactive  strength  of  the  fresh 
concentrates  showed  a  uranium  oxide  content  of  3  per  cent,  it  was 
safe  to  assmne  that  they  actually  contained  about  1.05x3  =  3.15  per 
cent.  If,  however,  the  test  was  not  made  imtil  foiu*  days  after 
milling,  the  error  was  only  2i  per  cent,  which  could  be  neglected 
because  of  its  being  less  than  the  limit  of  accuracy  with  the  electro- 
scopic  method.  As  proper  mill  control  requires  frequent  tests  soon 
after  the  concentrates  are  produced,  a  correction  to  be  determined 
from  time  to  time  must  be  added  to  the  result  obtained  by  the 
electroscopic  test. 

TABULATED  DATA   ON   OPERATION   OP  MILL. 

The  accompanying  table  gives  complete  data  on  the  dry  concentra- 
tion of  Tnilling  ore  at  Long  Park,  Colo.  The  results  were  obtained  from 
operations  on  a  commercial  scale  during  the  first  months'  run  with 
the  complete  equipment  and  give  an  acciu-ate  idea  of  what  can  be 
expected  from  tiie  dry  process  employed.  The  capacity  of  this  mill 
was  a  little  over  1  ton  of  milling  ore  an  hour  and  the  average  output 
was  365  poimds  of  combined  concentrates  (Nos.  1,  2,  3,  and  4)  an 
hour. 

.  The  milling  ore  had  an  average  content  of  0.85  per  cent  Vfi^;  the 
average  UsOg  content  of  the  four  kinds  of  concentrates  was  as  follows: 
No.  1,  2.91  per  cent;  No.  2,  3.65  per  cent;  No.  3,  2.76  per  cent;  No.  4, 


COKTCENTfiATION  OP  MILLHSTG  OBE.  73 

3.44  per  cent;  the  total  average  of  all  four  concentrateB  combined 
was  2.92  per  cent  UjOg. 

Of  the  quantity  of  concentrates  produced  87.77  per  cent  were 
collected  as  No.  1^  1.75  per  cent  as  No.  2,  7.39  per  cent  as  No.  3, 
and  3.09  per  cent  as  No.  4.    The  tailings  averaged  0.37  per  cent 

The  relatively  high  content  of  UsOg  in  the  tailings  can  not  be  con- 
veniently recovered  therefrom  by  only  one  mechanical  operation, 
as  microscopic  examination  shows  that  the  camotite  left  in  the 
tailings  is  partly  in  pure  hard  particles  about  the  size  of  the  silica 
grains.  Such  particles  could  not  be  disint^rated  without  grinding 
up  a  large  amoimt  of  the  silica,  which  would  go  into  the  concentrates, 
reducing  their  uranium  oxide  content;  also  a  small  amount  of  camo- 
tite is  inclosed  between  the  fractures  of  silica  grains  as  fine  as 
150-mesh,  and  can  not  be  liberated  without  grinding  these  grains  to 
fine  dust.  However,  the  tailings  are  practically  free  from  all  adhering 
dust  and  camotite. 

The  ratio  of  concentration  was  about  6:1,  about  6  tons  of  milling 
ore  yielding  1  ton  of  concentrates.  Feeding  richer  ore,  of  course, 
lowers  this  ratio. 

As  much  as  63.7  per  cent  of  the  camotite  contained  in  the  Tnillmg 
ore  was  extracted  and  60  per  cent  of  all  the  camotite  in  this  ore  was 
actually  recovered  in  the  concentrates,  on  the  basis  of  the  uranium 
content  obtauied  by  chemical  analysis.  In  this  statement  ^'  extrac- 
tion" is  considered  as  the  difference  in  uranium  oxide  content  of  the 
feed  and  the  tailings,  whereas  "recovery"  is  considered  as  the  actual 
uraniimi  content  of  the  concentrate  expressed  as  a  percentage  of  the 
uranium  content  of  the  feed. 

8UPPIJE8  USED. 

In  the  operation  of  the  mill,  as  shown  by  the  table  following,  there 
were  used  15.45  gallons  of  kerosene,  1.75  gallons  of  gasoline  (to  start 
engines),  and  about  283  pounds  of  coal  per  ton  of  concentrates  pro- 
duced; 2.7  gallons  of  kerosene  and  approximately  50  pounds  of  coal 
for  each  ton  of  ore  milled  were  necessary  to  reduce  the  moisture  in 
the  ore  to  less  than  1  per  cent.  The  coal  used  was  the  best  availa- 
ble cheaply  in  that  section  of  the  coimtry;  it  has  a  heating  value  of 
about  10,000  British  thermal  imits  per  pound. 

During  the  period  covered  by  the  data  presented  the  miU  operated 
only  one  shift  daily.  Since  tiien  the  mill  has  ran  with  two  shifts 
daily,  but  the  figures  obtained  during  this  work  were  practically  the 
same,  with  the  exception  of  a  slight  saving  on  labor  costs,  as  those 
given  ia  the  table  following. 
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PBODUCnON  OF  CONGENTBATES. 

The  following  table  shows  the  amount  of  concentrsftes  produced 
at  Long  Park  from  the  beginning  of  the  experimental  work  to  the 
closing  of  operations  in  August,  1916. 

m 

Production  of  concentrates  to  August,  1916, 
[The  net  weights  are  for  dry  oonoentrates.) 


Month. 


1915. 

(•) 

November... 
December. . . . 


1916. 

January 

February 

March 

April 

Ifey 

June 

July 

August 


Total. 


No.  1  oonoen- 
trate. 


Num- 
ber of 
bags. 


} 


2,119 
283 
155 


127 
574 
565 
652 
904 
919 

341 


6,639 


Net 
weight, 
pounds. 


108,620 
25,496 
13,950 


11,250 
50,545 
50,950 
57,885 
81,215 
79,460 

30,879 


505,250 


No.  2canoen- 
trate. 


Nmn- 
berof 
bags. 


86 
46 


S6 
36 
17 
22 
42 
34 

18 


375 


Net 
weight, 
pounds. 


1,660 
3,663 
3,510 


8,060 
2,206 
706 
882 
1,780 
1,569 

795 


19,829 


No.  3  concen- 
trate. 


Num- 
ber of 


58 
87 


23 

46 

47 

-  57 

135 

218 

82 


698 


Net 
weight, 
pounds. 


4,744 
3,330 


2:070 
4,170 
4,040 
5,100 
12,090 
19,985 

7,790 


63,319 


No.  4  concen- 
trate. 


Num- 
ber of 
bags. 


22 
24 
20 
25 
34 

11 


136 


Net 
weight, 
pounds. 


1,273 
1,518 
1,260 
1,488 
2,145 

687 


8,371 


Total. 


Num- 
ber of 
ba^s. 


Net 
weight, 
pounds. 


2,205 
382 
231 


186 
678 
653 
751 
1,106 
1,205 

452 


7,848 


105,280 
33,903 
20,790 


16,400 
58,193 
57,213 
65,127 
96,553 
103,159 

40,151 


696,769 


a  Produced  during  experimental  tests. 

REC07ERT    OF    CARVOTITE    FROM    LOW-GRADE    ORES    BT 

MECHANICAL  COVCEVTRATIOlf. 

Owing  to  the  difficulty  of  separating  the  camotite  from  the  silica, 
extraction  to  be  expected  from  mechanical  concentration  of  low- 
grade  ores  is  only  relatively  high.  At  least  this  is  true  of  any  of  the 
methods  that  were  fidly  tested.  Therefore  a  recovery  of  60. per 
cent  of  the  camotite  in  this  low-grade  ore,  based  on  its  known  radium 
and  uranium  content,  can  be  regarded  as  satisfactory  with  the  equip- 
ment at  hand. 

Possibly  with  larger  machines  than  those  employed  by  the  National 
Radium  Institute  a  higher  grade  of  concentrate  can  be  obtained,  as 
a  large  machine  having  a  greater  volume  of  air  at  lower  velocity  will 
separate  much  of  the  finely  groimd  silica  from  the  camotite  dust,  but 
the  concentrate  would  necessarily  be  considerably  finer.  Such  ma- 
chines, however,  would  be  more  costly,  require  more  power,  treat  a 
larger  tonnage — ^which  is  not  aIway^  easily  obtained  from  any  one 
locality — and  the  extreme  fineness  of  the  concentrate  woidd  be 
probably  a  disadvantage  in  any  acid  leaching  process  for  recovering 
radium. 
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POSSIBIUTY  OF  BECOVBBXNG  CABNOTITE  FBOM  MILL  TAIUNGS. 

Tests  were  made  to  determine  the  possibility  of  a  further  recovery 
of  camotite  from  the  mill  taihngs,  which  ordinarily  contained  about 
40  per  cent  of  the  camotite  in  the  original  feed.  During  one  such  test 
covering  a  day's  run,  in  which  about  5  tons  of  tailings  were  re-treated, 
a  recovery  of  approximately  65  per  cent  was  obtained,  thus  making 
the  total  recovery  from  the  original  mill  feed  approximately  85  per 
cent. 

The  National  Radium  Institute  had  only  one  Raymond  machine 
in  its  mill,  and,  as  operations  had  to  be  discontinued  on  account  of 
the  expiration  of  contracts,  the  tailings  were  left  on  the  dump. 
Tests  made  during  this  work,  however,  show  that  in  a  new  plant  it 
may  be  advantageous  to  install  a  second  Raymond  mill  to  treat 
the  tailings  from  the  first.  With  one  Raymond  mill  the  mate- 
rial has  to  be  rushed  through  in  order  to  treat  enough  ore  to 
make  operation  profitable.  Under  such  conditions  all  of  the  car- 
notite  can  not  be  disintegrated,  as  the  work  of  the  beaters  is 
largely  to  stir  up  the  groimd  ore  so  the  dust  can  be  removed,  but 
by  running  the  dust-free  tailings  through  a  second  Raymond  machine 
the  beaters  can  then  act  chiefly  as  grinders  to  hberate  adhering 
camotite  and  disintegrate  grains  that  are  not  groimd  fine  enough 
during  the  first  operation.  In  re-treating  taihngs,  the  percentage  of 
UgOg  in  the  concentrate  can  not  be  made  as  large  as  in  the  first 
operation,  because  sihca  is  also  necessarily  ground  up  and  is  carried 
over  into  the  concentrates,  but  a  product  averaging  1  f  per  cent  can  be 
expected.  However,  running  the  additional  machine  adds  com- 
paratively little  to  the  cost  of  operation  and  requires  no  additional 
labor,  so  that  such  re-treatment  no  doubt  can  be  done  at  a  profit. 


Chaptbb  IV.  COSTS  OF  PRODUCTION. 

The  figures  and  costs  given  in  the  following  pages  include  all 
expense  for  labor,  supplies,  repairs,  insurance,  general  expense,  and 
proportional  amounts  for  amortization  of  equipment.  The  figures 
also  include  aU  costs  of  experimental  work  and  equipment,  as  well 
as  amounts  credited  to  the  Crucible  Steel  Co.  for  royalty  on  the  ore 
mined  from  its  claims,  and  the  cost  of  cooperation  of  the  Bureau 
of  Mines.  The  cost  of  the  shipping  ore  is  given  in  a  round  sum,  and 
represents  an  average  of  the  costs  over  the  entire  period  of  Tnining 
by  the  National  Radiiun  Institute  ended  October  15,  1915. 

The  cost  of  concentrating  the  milling  ore  is  also  the  average  of  the 
costs  of  concentrating  during  a  period  of  several  months. 

SHIPPIVO  ORE. 

In  calculating  the  cost  of  the  shipping  ore,  containing  about  2.6 
per  cent  uranium  oxide,  or  52  pounds  per  ton  of  ore — three  different 
figures  are  given  in  order  to  show  the  cost  of  the  ore  at  the  mine,  at 
Placerville,  Colo.,  and  delivered  at  the  sampling  works  of  the  National 
Radium  Institute  plant  at  Denver,  Colo.  These  costs  were  as  fol- 
lows :  Actual  cost  of  mining  this  ore,  which  includes  sorting  but  not 
sacking,  approximately  $36  per  ton;  cost  of  the  ore  at  Placerville, 
approximately  $61  per  ton;  and  cost  deUvered  at  the  Denver  plant 
of  the  National  Radium  Institute,  including  all  overhead  charges 
and  royalty,  freight,  and  other  expenses,  $91. 

These  figures  represent  the  average  cost  for  approximately  960 
tons  of  shipping-grade  ore  mined  during  about  15  months,  and  include 
70  per  cent  amortization  on  mine  equipment  and  buildings.  Ordi- 
narily this  depreciation  would  be  distributed  over  a  longer  period. 

If  cost  figures  for  the  various  phases  of  the  mining  work,  such  as 
prospecting,  sorting,  and  removing  waste,  are  desired,,  the  reader  is 
referred  to  the  chapter  on  mining,  where  various  tables  show  the 
approximate  percentage  of  time  spent  on  each  item;  from  these 
data  and  the  values  in  the  table  following,  it  will  be  easy  to  compute 
such  costs. 

As  regards  mining  cost  of  shipping  and  of  milling  ore,  whenever 

milling  ore  was  so  associated  with  shipping  ore  that  the  milling  ore 

had  to  be  mined  in  order  to  get  the  shipping  ore,  the  charge  for 

mining  the  shipping  ore  included  the  cost  of  removing  the  milling 
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ore,  but  when  the  milling  ore  was  mined  by  itself,  the  cost  of  mining 
it  was  separately  entered  and  was  not  charged  against  the  shipping 
ore. 

EagaidUures  made  hy  the  mines  department  of  the  National  Radium  Institute  during 

period  of  operation'  ended  October  16,  1916. 

Ifine  equipment  and  constniction  of  mine  warehouse 1980.49 

Gbst  of  automobile  and  live  stock 666. 00 


Total  cost  of  mining  equipment 1, 636. 49 


Cost  of  labor,  net  wages  miners  and  foreman 20, 660. 00 

Cost  of  commisBBry 11, 481. 76 

Cost  of  mine  supplies  (including  tools,  steel,  powder,  fuse,  cape,  candles, 

water  bags,  blacksmith  coal,  etc.) 2,017.36 

Cost  of  feed  for  live  stock  at  mine 463. 60 


Total  chaigeable  directly  to  mine  operation 34, 612. 61 


Cost  of  ore  bags  and  twine 4, 365 .  00 

Cost  of  hauling  ore  to  PlacerviUe 19,913.63 

Total  cost  for  delivermg  ore  at  PlacerviUe 24, 278. 63 


Cost  of  loading  ore  into  cars  at  PlacerviUe  and  freight  to  Denver 8, 246. 00 


General  expenses  at  the  mine  (including  office  expenses,  salary  of  office 

asBistant  at  mine,  telephone,  telegrams,  etc.) 1, 616.98 

Cost  of  maintenance  of  automobile 600. 00 

Cost  of  cooperation  with  the  United  States  Bureau  of  Mines  (including 

salary  and  travel  expense  of  all  members  connected  with  the  mining  work) .  6, 906 .  90 

Liability  insurance,  miner's  compensation  law 697. 86 

Total  cost  of  general  and  overhead  expenses 9, 621. 73 


Cost  of  amortization  on  equipment  (70  per  cent  of  total  cost,  11,636.49) 1, 144. 84 

Cost  of  royalty  to  comx)any  owning  claims 10, 052. 41 

Total  cost  of  royalty  and  amortization 11, 197. 26 

Total.  Per  toD-o 

Cost  of  mining  ore $34,612.61 

Cost  of  ore  at  the  mine $34,612.61       $36.96 

Cost  of  delivering  at  PlacerviUe 24, 278. 63 

Cost  of  ore  at  PlacerviUe 68,791.24         61.24 

Cost  of  loading  and  freight 8,245.00 

Cost  of  general  and  overhead  expense 9, 621. 73 

Cost  of  loyalty  and  amortization 11, 1)97. 26 

T6tal  cost  of  ore  delivered  at  Denver,  in- 
cluding aU  charges 87,756.22         91.41 

•  Based  upon  production  of  MX)  tons  of  shiiypliig  grade  catnotlte  ore,  net  wet  weight. 
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Commissary  account. 

Amount  deducted  for  board  !rom  miners'  wagee $11, 075. 95 

Amount  collected  for  board  by  petty  cash  account 244. 06 

11, 320.  (^ 
Commissary  supplies  on  hand  Oct.  31,  1915- .' 500. 00 

11, 820. 03 
Amount  paid  for  provisions  and  hauling  to  camp  and  cook's  wages 11, 481. 75 

Amount  applied  to  amortization  on  camp  equipment  costing  $876.90 338. 28 

As  the  National  Kadiiun  Institute  had  contracted  to  do  the  assess- 
ment work  on  the  10  leased  claims  of  the  Crucible  Steel  Co.  at  Long 
Park,  three  years'  assessonent  work,  amounting  to  over  $3,000,  is 
included  in  the  cost  of  mining  the  ore.  Part  of  this,  however,  can  be 
considered  as  actual  cost  of  mining,  as  enough  ore  was  obtained 
during  assessment  work  to  pay  for  such  work.  However,  several 
claims  were  either  nonproductive  or  produced  so  little  that  the 
assessment  work,  as  far  as  the  institute  is  concerned,  must  be  con- 
sidered a  dead  loss.  The  above  calculatioix  includes  a  charge  of 
$10,052.51  for  royalty,  which  of  course  would  not  have  to  be  consid- 
ered by  a  company  working  its  own  claim.  However,  such  a  com- 
pany must  charge  off  depreciation,  and  this  charge  should  be  con- 
siderably less  than  the  royalty  mentioned  above.  The  actual  cost  of 
a  pound  of  uraniimi  oxide  in  the  ore  as  mined  by  the  National  Eadium 
Institute  was  $1.81  deUvered  at  the  Denver  plant. 

COST  OF  TRAVSPORTATIOV  OF  ORE. 

At  first  the  National  Radium  bstitute  had  its  ore  hauled  to  Placer- 
ville  imder  contract  at  $20  per  ton,  all  provisions  and  supplies, 
except  machinery,  being  hauled  to  the  mines  free  of  charge.  Later 
the  contract  was  changed  so  that  the  rate  was  made  $18  per  ton  and 
all  haulage  to  the  mines  was  paid  for.  As  supplies  were  purchased  at 
various  points  along  the  road,  the  prices  for  such  back  haul  varied,  as 
follows:  From  Placerville  to  the  mines,  $16  per  ton;  from  Norwood, 
about  18  miles  from  Placerville,  $11  per  ton;  from  Redvale,  $6.50  per 
ton ;  and  from  Naturita,  the  nearest  town,  $4  per  ton.  The  mail  and 
parcel  post  were  carried  free  of  charge. 

As  previously  stated,  most  of  the  ore  was  loaded  directly  into  the 
wagons,  either  at  the  claim  or  at  the  warehouse  on  the  Maggie  C  claim. 
The  ore  from  the  outlying  claims  where  the  wagon  could  be  driven  up 
to  the  claim  was  loaded  there.  Some  ore  had  to  be  packed  a  short 
distance  to  the  road,  as  on  the  Great  Western,  Florence,  and  Bitter 
Creek  claims. 

For  hauling  the  milling  ore  from  outlying  claims,  and  some  of  the 
miQing  ore  mined  underground  on  the  Maggie  C  daim,  to  the  ore  bin 
of  the  mill  a  two-horse  team,  wagon,  and  driver  were  hired  at  $5  a 
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day.  The  teamsters  staying  over  night  at  Long  Park  were  boarded 
by  the  contractor^  who*had  erected  a  small  camp  at  a  neighboring 
daim. 

The  freight  rate  on  camotite  ore  from  Placerrille  to  Denver  was  $8 
per  ton,  when  a  valuation  of  $100  per  ton  was  placed  on  the  ore.  A 
rate  of  $6  per  ton  could  have  been  obtained  by  reducing  the  estimated 
value  of  the  ore 'to  $5  per  ton,  bjit  the  National  Raditmi  Institute 
found  it  of  advantage  to  value  the  ore  at  $100  per  ton. 

cBusHnro,  GsivDiiro,  and  sAMPuifo  OF  THE  SHipPnra 

ORE. 

Before  the  National  Kadium  Institute  installed  its  own  grinding 
and  sampling  plant  at  Denver,  it  had  to  pay  $4  to  $6  per  ton  for  the 
crushing,  grinding,  and  sampUng  of  its  ores.  The  cost  of  grinding 
and  sampling  in  its  plant  averaged  $1.87  per  ton  of  ore.  This  figure 
also  includes  25  per  cent  amortization  on  the  cost  of  building  and 
equipping  the  plant. 

ExpendUvres  on  fftinding  and  sampling  plant  ^  Denver^  Colo. 

Equipment  and  construction $3, 177. 64 

Cost  of  operation: 

Labor • * $726. 30 

Supplies  and  repairs  (including  labor) 247.09 

Power 101.12 

1, 074. 51 
25  per  cent  amortization  on  13,177.64 794. 41 

Total  cost  for  grinding  and  sampling  1,000  tons  of  ore 1, 868. 92 

EOYALTY. 

The  royalty  credited  to  the  company  owning  the  claims  for  all  of 
the  ore  mined  from  the  claims  to  October  15,  1915,  on  approximately 
931  tons,  net  dry  weight,  of  carnotite  ore,  amounted  to  $10,052.41. 
The  agreement  was  that  the  claims  would  be  leased  to  the  institute 
on  a  15  per  cent  royalty  basis,  whereby  15  per  cent  of  the  ore  mined 
from  the  claims  was  to  be  purchased  by  the  institute  at  the  price  of 
$2  per  poimd  of  uranium  oxide  content,  f.  o.  b.  Denver,  Colo. 
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Royalties  credited  to  company  owningithe  claims  for  ore  mined  to  October  Sl^  1915. 

Gar  No.  Amount.  Oar  No.               Amoont.  OarNa                Amount. 

1 $268.37               10 $331.08  19 $494.25 

2 435.30               11 386.82  20 416.60 

3 425.68               12 421.11  21 438.77 

4 460.64               13 495.12  22 387.96 

5 381.21               14 333.57  23 374.53 

6 321.38               15 •.     540.68  24*. 461.40 

7 335.68               16 505.99  25 219.15 

8 389.69               17 407.19                                       

9 :.  367.32               18 452.92                      Total..  10,062.41 

Fifteen  per  cent  of  ore  containing  48,344  pounds  11308=7,251.6  pounds  UjOg,  at 
$2=$14,503.20. 
Less  expense  of  ore  bags,  freight,  hauling,  etc.,  $4,450.79. 
Net  royalty,  $10,052.41. 

COST  OF  COVCEVTRATIOlf  OF  MILLIVO  ORE. 

During  the  experimental  stage  of  milling,  the  drying  of  the  ore,  the 
conveying  of  it  from  one  apparatus  to  the  other,  and  the  removal  of 
the  tailings  from  the  mill  had  to  be  done  by  hand  labor.  The  cost  per 
ton  of  concentrate  during  such  work  was  therefore  somewhat  higher 
than  with  the  completed  mill.  All  of  the  ore  used  during  the  experi- 
mental work  was  taken  from  the  most  convenient  places  on  the 
Maggie  C  claim. 

The  cost  of  concentration  in  the  completed  mill  averaged  $20.41 
per  ton,  delivered  at  the  n^ill  warehouse.  The  concentrate  averaged 
about  3  per  cent  UjOg  content.  The  cost  given  .does  not  include  the 
cost  of  mining,  tramming,  hauling,  and  sorting  the  milling  ore,  and 
of  deUvery  into  the  mill  ore  bin  after  resorting,  which  averaged  $7.14 
per  ton  of  concentrates.  The  cost  of  mining  and  concentrating  the 
mill  ore,  including  all  mill  supplies,  labor,  repairs,  amortization  on 
mill  equipment  and  construction,  was  $27.55  per  ton  of  concentrate, 
delivered  at  the  mill  at  Long  Park.  To  this  has  to  be  added  $8.63 
royalty;  the  cost  of  ore  sacks,  freight,  and  hauling,  amounting  to 
$33.10;  and  also  amortization  of  equipment,  taxes,  accident  liability 
insurance,  and  cost  of  cooperation  with  the  Bureau  of  Mines.  The 
cost  of  concentrates  produced  during  the  first  month^s  run  was  there- 
fore about  as  follows:  $57.28  per  ton  dehvered  at  mill  warehouse; 
$75.28  per  ton  dehvered  at  railroad  station,  Placerville,  Colo.;  $84.28 
dehvered  at  the  Denver,  Colo.,  plant;  or,  based  on  its  UjOg  content, 
$1.44  per  pound  of  VJO^  in  the  concentrate,  f.  o.  b.  Denver  plant. 
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[Ffsnres  followed  by  an  asterisk  indicate  items  that,  bv  the  agreement  between  the  National  Radium 
Institute  and  the  Crucible  Steel  Co.,  were  included  in  tne  "cost  of  treatment"  in  figuring  the  royalty  J 

QJcolation  of  cost  of  concentration  of  camotite  milling  ore. 

[Buns  1,  2, 3,  and  4.    See  p.  74  for  details  of  operatlon.| 

Cost  of  con- 

ontiBtesper 

ton. 

lAbor $468.58  |12.890» 

566  gallons  of  kerosene,  at  25  cents  per  gallon 141. 60  3. 892* 

57)  gallons  of  gasoline,  at  35  cents  per  gallon 18. 98  .  522* 

bi  tons  of  coal,  at  |8. 50  per  ton 43. 52  1. 197* 

Oil,  grease,  water,  etc 15.00  .412* 

Repair  parts  and  replacement  of  wearing  parts  on  apparatus 54. 53  1^  500* 

Chargeable  directly  to  operation 742. 11     20. 413 

Amortization  on  equipment  and  cost  of  cooperation 545. 25      15. 00 

Accident  liability  insurance,  and  taxes 54. 53       1. 50* 

1, 341. 89  36. 913 
Gost  of  mining,  sorting,  picking,  and  hauling  of  milling  ore  to  miU 

ore  bin 259.38  7.135* 

837  ore  bags  and  twine,  at  20  cents  each 167. 40  4. 605 

Cost  f.  o.  b.  mill.  Long  Park,  Colo 1, 768.67      48.663 

Hauling  to  Placerville,  Colo 654.30      18.00 

Costf.o.  b.  Placerville,  Colo 2,422.97  66.653 

Keceiving  and  loading  on  cars  at  Placerville 18.18  .60 

Freight  to  Denver,  Colo 290. 80  8. 00 

Unloading  and  sampling 18. 18  .50 

Boyalty,  15  per  cent  on  2, 125.1  pounds  UaOg,  at  $2  per  2,'760. 13      75.  653 

pound  f.  o.  b.  Denver 1637.53 

Less  15  i)er  cent  of  the  following  charges: 

Cost  of  treatment,  at  $29.05  per  ton $154. 16 

Ore  bags  and  twine 25. 11 

Hauling  to  Placerville 98. 14 

Receiving  and  loading  at  Placerville 2. 73 

Freight 43.62 

323.76 

Net  royalty 313.77        8.631 

Tbtal  cost  of  concentrate  f .  o.  b..  Denver  plant 3, 063. 90     84. 284 

Cost  per  pound  of  UsOg  in  concentrates  $1.44  f .  o.  b.  Denver  plant,  or  $84.29  per  ton 
of  concentrates. 

COST  OF  CONCENTBATION  MILL. 

The  cost  of  the  complete  mill  as  built  and  operated  by  the  National 
Radium  Institute  was  $10,000,  which  covers  the  cost  of  all  material 
and  equipment,  including  freight  charges  and  haulage,  and  the  con- 
struction work.  The  figure  given  includes  a  small  simi  for  additional 
expenditures  made  for  experimental  work  and  for  apparatus  which 
was  discarded,  as  well  as  the  expense  incurred  in  reconstruction  when 
the  change  to  the  completed  mill  was  made. 
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A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until  the 
edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  publications  that  may  be  of  especial  interest 
to  them.  Requests  for  publications  should  be  addressed  to  the 
Director,  Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications  avail- 
able for  free  distribution  as  well  as  those  obtainable  only  from  the 
Superintendent  of  Documents,  Government  Printing  Office,  on  pay- 
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Bulletin  16.  The  usee  of  peat  for  fuel  and  other  purposes,  by  C.  A.  Davis.  1911. 
214  pp.,  1  pL,  1  fig. 

Bulletin  45.  Sand  available  for  filling  mine  workings  in  the  northern  anthracite 
coal  basin  of  Pennsylvania,  by  N.  IT.  Darton.    1912.    33  pp.,  8  pis.,  5  figs. 

Bulletin  64.  The  titaniferous  iron  ores  in  the  United  States;  their  composition  and 
economic  value,  by  J.  T.  Singewald,  jr.    1913.    145  pp.,  16  pis.,  3  figs. 

Bulletin  70.  A  preliminary  report  on  uranium,  radium,  and  vanadium,  by  R.  B. 
Moore  and  K.  L.  Kithil.    1913.    100  pp.,  2  pis.,  2  figs. 

Bulletin  73.  Brass-furnace  practice  in  the  United  States,  by  H.  W.  Gillett.  1914. 
298  pp.,  2  pis.,  23  figs. 

Bulletin  81.  The  smelting  of  copper  ores  in  the  electric  furnace,  by  D.  A.  Lyon 
and  R.  M.  Keeney.    1915.    80  pp.,  6  figs. 

Bulletin  84.  Metallurgical  smoke,  by  0.  H.  Fulton.    1915.    94  pp.,  6  pis.,  15  figs. 

Bulletin  85.  Analyses  of  mine  and  car  samples  of  coal  collected  in  the  fiscal  years 
1911  to  1913,  by  A.  C.  Fieldner,  U.  I.  Smith,  A.  II.  Fay,  and  Samuel  Sanford.  1914. 
444  pp.,  2  figs. 

Bulletin  92.  Feldspars  of  the  New  England  and  Northern  Appalachian  States, 
by  A.  S.  Watts.    1916.    180  pp.,  3  pis.,  22  figs. 

Bulletin  104.  Extraction  and  recovery  of  radium,  uranium,  and  vanadium  from 
camotite,  by  C.  L.  Parsons,  R.  B.  Moore,  S.  C.  Lind,  and  O.  G.  Schaefer.  1915. 
124  pp.,  14  pis.,  9  figs. 

Bulletin  106.  The  technology  of  marble  quarrjdng,  by  Oliver  Bowles.  1916. 
174  pp.,  12  pis.,  33  figs. 

Bulletin  122.  The  principles  and  practice  of  sampling  metallic  metallurgical 
materials,  with  special  reference  to  the  sampling  of  copper  bullion,  by  Edward  Keller. 

1916.  101  pp.,  13  pis.,  31  figs. 

Bulletin  124.  Sandstone  quarrying  in  the  United  States,  by  Oliver  Bowles. 

1917.  143  pp.,  6  pis.,  19  figs. 
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55  pp.,  5  pis.,  11  figs. 
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Technical  Paper  50.  Metalluigical  coke,  by  A.  W.  Belden.  1913.  48  pp.,  1  pi., 
23  figs. 
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1914.  59  pp.,  6  figs. 
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T echnical  Pape r  102 .  Health  conservation  at  steel  mills,  by  J .  A .  Watki ns .  1 916 . 
36  pp. 

Technical  Paper  110.    Monazite,  thorium,  and  mesothoiium,  by  K.  L.  Kithil. 

1915.  32  pp.,  1  fig. 

Technical  Paper  111.  Safety  in  stone  quarrying,  by  Oliver  Bowles.  1915.  48 
pp.,  5  pis.,  4  figs. 

Technical  Paper  126.  The  casting  of  clay  wares,  by  T.  G.  McDougal.  1916. 
26  pp.,  6  figs. 

Technical  Paper  133.  Directions  for  sampling  coal  for  shipment  or  delivery,  by 
G.  S.  Pope.    1917.    15  pp. 

Technical  Paper  136.  Safe  practice  at  blast  furnaces,  by  F.  H.  Wilcox.  1916. 
73  pp.,  1  pi.,  43  figs. 

Technical  Paper  143.    Ores  of  copper  lead,  gold,  and  silver,  by  C.  H.  Fulton. 

1916.  41pp. 
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EXTRACTION  AND  RECOVERY  OF  RADIUM,  URANIUM, 

AND  YANADIUM  FROM  CARNOTITE. 


By  Charles  L.  Parsons,  R.  B.  Moore,  S.  C.  Lixd,  and 

O.  C.   SCHAEFEB. 


CHAPTER  I.  INTRODUCTION. 

Early  in  1912,  from  information  received  by  the  Bureau  of  Mines, 
it  became  evident  that  quantities  of  valuable  radium-bearing  ore 
from  Colorado  were  being  exported  for  manufacture  in  foreign  coim- 
tries  and  that  at  least  part  of  the  manufactured  product  was  being 
returned  to  this  country  and  sold  at  a  price  entirely  incommensurate 
with  that  received  by  the  miner  and  the  prospector.  Consequently, 
in  line  with  its  efforts  to  increase  efficiency  in  the  mining  and  treat- 
ment of  mineral  resources,  the  Bureau  of  Mines  undertook  an  inves- 
tigation of  conditions.  Results  of  this  preliminary  investigation  were 
published,  in  the  summer  of  1913,  as  Bulletin  70,*  which  gave  an  out- 
line of  the  radiimi  deposits  of  the  West,  the  conditions  of  mining,  the 
wastes  involved,  and  the  status  of  the  production  of  radium  from 
its  ores. 

At  about  this  time  newspapers  and  medical  journals  were  publish- 
ing statements  regarding  the  value  of  radiimi  in  cancer  therapy. 
These  reports,  although  many  of  them  were  exaggerated,  brought 
out  clearly  the  remarkable  virtue  of  the  gamma  rays  for  the  treat- 
ment of  cancer  and  other  malignant  growths.  In  view  of  the  fact 
that  the  largest  known  supplies  of  radium  ore  in  the  world  are  in  the 
States  of  Colorado  and  Utah  and  on  the  public  lands  of  the  United 
States,  it  was  deemed  highly  important  for  the  Bureau  of  Mines  to 
study  the  production  of  radium  in  detail.  Such  study,  it  was  hoped, 
would  enable  the  prospector  and  miner  to  obtain  a  fairer  price  for 
the  ores  and  would  furnish  information  necessary  in  case  Congress 
appropriated  funds  to  develop  methods  for  extracting  radium 
from  ore  on  the  pubhc  lands  under  Government  supervision,  to  be 
supplied  at  cost  to  the  hospitals  of  the  Army,  Navy,  and  Pubhc 
Health  Service. 

a  Uoore,  R.  B.,  and  KlthJl,  K.  L.,  A  preliminary  report  on  uranium,  radium,  and  vanadium   Bull.  70, 
Bureau  of  Hines,  1013, 101  pp.,  4  pis.,  2  figs. 
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FOBMATION  OF  NATIONAIi  BADIUK  INSTITUTB. 

At  that  time  no  appropriation  for  such  work  was  available  for  this 
purpose.  However,  the  bureau  ascertained  that  Dr.  Howard  A. 
Kelly,  of  Baltimore,  Md.,  and  Dr.  James  Douglas,  of  New  York  City, 
were  deeply  interested  in  the  production  of  radium  for  use  in  two 
hospitals  with  which  they  were  closely  connected.  The  suggestion 
was  made  them  that  they  form  a  radium  institute  and  endeavor  to 
work  up  some  'of  the  American  ores  and  keep  the  radium  in  this 
country  for  use  among  our  own  people.  A  member  of  the  bureau 
went  with  Dr.  Kelly  to  the  Paradox  Valley,  Colo.,  and  inspected  the 
mines  there,  it  having  been  agreed  that  if  ore  could  be  procured  a 
radium  institute  would  be  founded  and  necessary  funds  furnished  to 
work  up  the  ore.  As  a  result  of  this  visit  a  conference  was  held 
with  the  officers  of  the  Crucible  Steel  Co.,  who,  through  a  subsidiary 
company,  control  16  camotite  claims  in  Montrose  County,  Colo., 
which  had  been  held  pending  the  time  when  extraction  of  vanadium 
and  uranium  from  the  ore  would  be  profitable.  The  company 
agreed  that  if  the  National  Radium  Institute  should  be  formed  these 
claims  would  be  leased  to  the  institute  on  a  15  per  cent  royalty  basis 
under  an  agreement  providing  for  the  return  of  the  uranium  and 
vanadium  content  of  the  ore  to  the  company.  The  National  Radiimi 
Institute  was  duly  incorporated  and  the  claims  were  leased  on  the 
terms  mentioned. 

COOFEBATIVB  AGBEEMENT  BETWEEN  THE  NATIONAIi  BADIUK 
INSTITUTE  AND  THE  BUBEAU  OF  MINES. 

Subsequently  the  institute  proposed  to  the  Bureau  of  Mines  that  a 
cooperative  agreement  looking  to  the  development  of  the  radium  ores 
be  made.  The  legaUty  of  the  proposed  agreement  was  carefully 
examined  and  the  agreement  was  approved  by  the  proper  officials, 
many  precedents  for  similar  cooperative  work  having  been  found, 
especially  in  connection  with  arrangements  between  the  Department 
of  Agriculture  and  farmers  throughout  the  coimtry.  In  the  light  of 
the  manifestly  great  usefidness  of  radium  in  therapy  the  importance 
of  studying  the  ores  and  their  extraction  and  of  disseminating  the 
resulting  information  was  deemed  so  great  and  the  acceptance  of  the 
institute's  offer  so  highly  desirable  that,  on  October  13, 1913,  the  offer 
was  accepted.    The  text  of  the  agreement  follows: 

OCTOBEB  7,  1913. 

The  Director,  Bureau  op  Mines. 

Sir:  The  National  Radium  Institute  (Inc.)  is  a  corporation  duly  organized  and 
existing  under  and  by  virtue  of  the  laws  of  the  State  of  Delaware,  and  is  interested  in 
the  study  of  the  beet  methods  of  producing  uranium,  vanadium,  and  radium,  and  in 
the  mining  and  concentration  of  ores  from  which  these  products  may  be  obtained  for 
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use  in  ladiiun  therapy.    It  is  interested  in  certain  camotite^and  other  suitable  ores 
mined  in  Colorado  from  which  these  products  are  obtainable. 

For  the  benefit  of  the  people,  and  to  secure  the  advantage  of  a  scientific  and  tech- 
nologic study  of  efficient  methods  of  production,  as  well  as  mining  and  concentration 
of  the  ores,  without  waste,  the  institute  solicits  the  cooperation  of  your  bureau,  that 
18,  the  services,  under  your  supervision,  of  enough  chemists  and  mineral  technologists 
connected  with  your  bureau  as  may  be  necessary  for  the  proper  technical  control  and 
supervision  of  the  mining  and  concentration  of  camotite  and  other  suitable  Colorado 
ores,  in  the  study  of  the  methods  outlined  and  generally  in  the  prosecution  of  the 
investigation  contemplated,  the  results  to  be  published  by  you. 

To  aid  In  such  work,  the  institute  will  furnish  the  sum  of  $150,000,  to  be  available 
as  follows  and  to  be  expended,  after  consultation  with  us,  as  you  advise:  $70,000 
during  the  year  ending  August  30,  1914;  $40,000  during  the  year  ending  August  30, 
1915;  $40,000  during  the  year  ending  August  30,  1916,  it  being  estimated  that  about 
three  years  are  required  for  the  exhaustive  investigation  that  is  desired.  The  fimds 
received  from  the  sale  of  any  by-products  other  than  radium  belong  to  us,  and  may 
also  be  used  in  the  prosecution  of  this  work.  It  is  proposed  to  expend  this  money  in 
the  mining  of  the  camotite  or  other  suitable  ores,  to  an  amount  of  1,000  tons,  more  or 
less,  of  high-grade  ore  (over  2  per  cent),  or  in  the  purchase  of  such  ores  as  are  neces- 
sary to  an  adequate  study  of  the  siibject,  and  in  the  establishment  and  operation  of  a 
plant  for  the  working  up  of  said  ores;  also  in  the  erection  and  operation  of  a  small 
concentration  plant  for  ttie  treatment  of  any  low-grade  ore  (less  than  2  per  cent  Vfig) 
as  may  be  mined  or  purchased — and  of  course  in  the  payment  of  necessary  wages 
of  the  plant  operatives. 

The  institute  is  also  entirely  willing  that  any  radium  produced  in  excess  of  7  grams 
of  anhydrous  radium  bromide  (RaBrj)  from  any  1,000  tons  of  camotite  ore  may  be 
donated  to  the  bureau  for  further  experiment  and  study. 

As  the  institute  has  already  on  hand  100  tons  (more  or  less)  of  camotite,  it  is  made 
a  condition  of  this  offer  that  this  ore  be  first  extracted  far  enough  to  demonstrate  to 
the  satisfaction  of  the  institute  the  practicability  of  the  processes  employed.  Until 
this  is  done  no  more  than  $5,000  shall  be  expended  on  mining  or  concentration. 

At  the  completion  of  this  demonstration  the  undersigned  may  withdraw  from  this 
project  and  shall  not  thereafter  be  liable  for  any  further  expenditure  of  money  other 
than  sufficient  to  take  up  all  obligations  incurred  up  to  the  date  of  such  withdrawal, 
and  no  further  demands  on  account  of  said  $150,000  shall  be  made.  All  expense 
incurred  in  such  transaction  shall,  in  any  event,  be  on  account  of  said  $150,000. 

The  institute  would  esteem  it  a  favor  if  its  cooperation  should  be  recognized  on  the 
cover  and  title  page  of  any  published  report  of  the  results  of  this  investigation. 

If  this  proposition  is  acceptable,  will  you  not  kindly  advise  the  institute  as  soon  as 
you  conveniently  can? 
Respectfully, 

National  Radium  Institutb  (Ino.), 
By  Howard  A.  Kelly,  President. 

Washington,  D.  C,  October  13, 1913. 
The  Secbetaby  of  the  Intehioe. 

Sir:  The  above  letter  is  respectfully  referred  to  you  for  your  approval. 
Very  respectfully, 

Van.  n.  Manning, 

Acting  Director. 
Approved  October  13,  1913: 
Lewis  C.  Laylin, 

Assistant  Secretary. 
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FBBSONNEL  OF  BADIUH  PLANT  AND  INVESTIGATIONS. 

Under  this  agreement,  Charles  L.  Parsons,  Chief  of  the  Division 
of  Mineral  Technology,  was  designated  by  the  Director  of  the  Bureau 
of  Mines  to  take  charge  of  the  investigations.  He  assigned  R.  B. 
Moore,  physical  chemist,  to  the  direct  management  of  the  plant 
subsequently  erected  at  Denver,  Colo.;  K.  L.  Bjthil,  mineral  tech- 
nologist of  the  bureau,  to  the  management  of  the  mining  and  concen- 
tion  of  the  ores;  and  J.  A.  Davis,  assistant  mining  engineer,  to 
superintend  the  mining  and  concentration  work  at  Long  Park,  Colo. 
O.  C.  Schaefer,  who  had  had  experience  in  chemical-engineering 
problems  and  plant  construction,  was  made  superintendent  of  the 
plant  at  Denver,  and  H.  M.  Eastman,  jimior  chemist  in  radioactivity, 
was  appointed  assistant  superintendent.  To  Mr.  Moore  was  also 
assigned  S.  C.  Lind,  chemist  in  radioactivity,  who  had  had  long 
experience  in  the  physical  chemistry  of  radiiun,  both  at  the  laboratory 
of  Mme.  Curie,  in  Paris,  and  in  the  Radiiun  Research  Institute, 
Vienna.  C.  F.  Whittemore,  assistant  chemist  in  radioactivity,  and 
Messrs.  J.  C.  Morgan,  Alan  Leighton,  and  H.  A.  Doemer,  jimior 
chemists  in  radioactivity,  have  rendered  valuable  assistance  during 
the  progress  of  the  work,  as  did  Prof.  Herman  Schlundt,  who  was 
employed  during  the  summer  of  1914  on  radium  measurements.  The 
experimental  work  and  the  installation  of  apparatus  for  the  electric- 
furnace  production  of  uranium  oxide  were  done  by  H.  W.  GiUett,  alloy 
chemist,  and  J.  M.  Lohr,  assistant  alloy  chemist.  G.  E.  Bost,  H.  H. 
Barker,  and  J.  E.  Underwood,  specialists  in  crystallizing  radium,  have 
been  added  more  recently  to  the  force.  Each  and  all  of  the  persons 
mentioned  have  loyally  and  efficiently  served  the  bureau,  and  hearty 
acknowledgment  of  their  work  is  made. 

CONSTBX7CTION  OF  PLANT. 

Immediately  after  the  signing  of  the  agreement  and  the  organiza- 
tion of  the  work,  plans  were  begun  for  constructing  a  plant  at 
Denver,  and  for  mining  the  ore  at  Long  Park,  some  20  miles  from 
Naturita,  Colo.  The  plant  was  first  built  on  an  experimental  basis, 
and  after  preliminary  operation  in  the  months  of  March,  April,  and 
May,  1914,  began  regular  production  of  radium  in  June,  1914.  The 
work  was  so  successful  that  the  directors  of  the  National  Radium 
Institute  deemed  it  advisable  to  increase  the  capacity  of  the  plant 
more  than  100  per  cent,  and  the  construction  of  an  addition  was 
completed  February  1,  1915.  In  addition,  a  grinding  and  sampling 
mill  were  built,  as  was  a  nitric  acid  plant,  it  having  been  found  that 
a  large  part  of  the  nitric  acid  could  be  recovered  as  sodium  nitrate 
and  used  over  and  over  again.  The  nitric  acid  plant  has  been  in 
successful  and  continuous  operation  since  February  1  of  the  present 
year  and  has  greatly  reduced  the  cost  of  producing  radium  salts. 
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The  capacity  of  the  plant  is  3^  tons  of  ore  per  day,  and  the  plant 
operations  have  been  eminently  successful.  Up  to  October  10,  1915, 
nearly  5  grams  of  radium  element  had  been  extracted  and  approxi- 
mately 2i  grams  of  element  deliyered  in  the  form  of  radium  bromide 
of  such  degree  of  purity  as  was  desired  by  the  hospitals  concerned. 

DEVELOPMENT  OF  EZTBACTION  METHODS. 

Entirely  new  methods,  differing  from  former  methods  not  only  in 
detail  but  in  apparatus  used,  have  been  devised  for  extracting  radium 
from  the  ore,  and  for  converting  the  sulphates  to  chlorides.  The  time 
required  for  the  cycle  of  operation  is  probably  much  shorter  than  in 
any  other  plant  and  the  recovery  of  radium  is  greater.  Furthermore, 
it  is  believed  that  the  costs  of  production  are  less  than  those  of  any 
other  method  used  heretofore.  It  should  be  remembered  that  the 
methods  apply  solely  to  the  treatment  of  camotite  ore.  The 
bureau  has  been  anxious  to  try  to  extract  radium  from  pitchblende, 
the  treatment  of  which  would  undoubtedly  require  some  modifica- 
tion of  the  methods  used  for  camotite.  Unfortunately,  however,  no 
pitchblende  has  been  available,  and  it  has  been  impossibld  to  procure 
even  so  much  as  a  ton  of  this  material  for  experimental  use.  On 
the  other  hand,  by  the  time  this  report  has  been  issued  nearly  1 ,000 
tons  of  camotite  will  have  been  treated. 

Incidentally  the  methods  for  preparing  sodium  uranate,  uranium 
oxide,  and  iron  vanadate  have  been  studied,  and  the  necessary 
principles  for  procuring  these  in  pure  and  marketable  condition  have 
been  evolved.  With  ore  obtained  from  Government  land  or  pro- 
duced at  a  cost  as  low  as  that  maintained  in  the  operations  of  the 
bureau,  it  has  been  shown  that  the  cost  of  producing  radium  need 
not  exceed  $40,000  per  gram  and  that  the  extraction  of  at  least  90 
per  cent  of  the  radium  present  may  be  obtained  from  good  quality 
ore,  such  as  the  bureau  has  been  able  to  procure.  Full  details  of  these 
methods,  with  a  description  of  the  plant,  apparatus,  and  chemical- 
engineering  problems  involved,  appear  in  the  following  pages. 

A  separate  report  on  the  mining  and  concentration  of  radiimi  ores 
is  being  prepared  and  will  shortly  be  published  by  the  bureau. 

In  this  general  summary  there  are  three  points  on  which  it  is  felt 
that  the  position  of  the  Bureau  of  Mines  should  be  made  dear — 
first,  the  application  of  radium  to  the  cure  of  cancer;  second,  the 
market  or  selling  price  of  radium;  and  third,  the  object  of  the  bureau 
in  undertaking  this  investigation. 

X78B  OF  BADIXTM  IN  CANCER  THEBAFT. 

The  application  of  radium  to  the  treatment  of  cancer  and  other 
malignant  growths  has  made  much  more  rapid  progress  in  the  past 
two  years  than  is  generally  appreciated  even  by  the  medical  prof  es- 
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sion.  All  kinds  of  opinions  may  be  easily  had  from  the  laity  and 
from  cancer  experts,  and  the  public  can  draw  almost  any  conclusion 
from  the  statements  appearing  in  newspapers,  but  preference  should 
be  given  the  opinions  of  those  persons  who  have  had  extended  expe- 
rience in  the  use  of  radium  and  in  sufficient  quantities  to  entitle  them 
to  speak  authoritatively.  One  thing  r^arding  radium  therapy  that 
has  been  developed  during  the  past  two  years  is  that  if  the  gamma 
rays  of  radium  are  to  be  successfully  applied  to  the  cure  of  cancer  a 
much  larger  quantity  of  radium  must  be  used  than  is  possessed  by 
not  more  than  two  or  three  individual  surgeons  or  hospitals  in  the 
United  States.  The  bureau  knows  of  no  individual  or  hospital  that 
has  had  the  privilege  of  working  with  so  much  as  half  a  gram  of  ra- 
dium that  does  not  report  cures  in  increasiog  number  or  that  is  not 
able  to  treat  even  advanced  cases  with  iacreasing  assurance  of  sue* 
cess  as  a  knowledge  of  technique  is  developed.  Also,  the  extent 
and  variety  of  the  cures  reported  and  the  helpful  effect  of  the  gamma 
rays  at  depth  are  ahnost  in  direct  proportion  to  the  quantity  of 
radium  that  can  be  applied  at  one  time  to  the  patient.  Blacksmiths 
working  with  hand  forges  would  have  as  much  right  to  condemn  the 
smelting  of  iron  in  500-ton  blast  furnaces  as  physicians  or  surgeons 
working  with  a  few  milligrams  of  radium  to  condemn  its  application 
in  quantities  of  500  milligrams  or  more.  This  statement  does  not 
mean  that  radium  in  comparatively  small  amounts  may  not  be  effec- 
tive with  some  forms  of  cancer  or  some  malignant  growths  in  their 
incipiency,  but  iu  two  American  hospitals  that  have  500  or  more 
milligrams  of  radium  results  are  being  obtained  daily  that  unques- 
tionably will  not  be  duplicated  elsewhere  until  equal  quantities  are 
available. 

MABKET  PBICE  OF  BADIUK. 

The  market  price  of  radium  for  some  two  or  three  years  has  been 
$120,000  and  up  per  gram  of  element  according  to  purity.  At  the 
time  of  the  beginning  of  the  European  war  there  was  16  to  20  grams 
of  radium  contracted  for  abroad,  chiefly  in  Germany,  at  prices  above 
$120,000  per  gram.  Seemingly  the  war  has  not  affected  the  market 
price  but  simply  the  amount  produced.  As  to  the  selling  price  of 
radium  in  the  future,  the  bureau  makes  no  prediction,  but  it  does  not 
follow  that  the  selling  price  will  decline  because  of  the  development 
of  cheaper  methods  of  production.  Rather  is  the  case  somewhat 
analogous  to  the  production  of  gold,  diamonds,  or  any  other  material 
that  is  in  steady  demand  but  occur  only  in  very  small  quantities. 
Beyond  doubt,  the  amoimt  of  radium  in  nature  is  exceedingly  small. 
Other  deposits  of  radium  ores  may  be  found,  but  it  is  highly  improb- 
able that  the  rarity  of  uranium  ores  will  ever  be  greatly  modified, 
so  that  the  price  of  the  finished  material  will  largely  depend  on  the 
ability  to  procure  the  raw  material. 
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According  to  the  best  evidence  that  the  bureau  can  obtain,  and  it 
has  investigated  the  matter  carefully,  there  is  not  sufficient  ore  avail- 
able to  maintain  for  many  more  years  even  the  rate  of  production  of 
1914.  In  this  connection  it  should  be  remembered  that  the  radium 
produced  by  the  National  Radium  Institute  is  not  for  sale  nor  for 
distribution.  The  Radiimi  Institute  was  organized  for  the  purpose 
of  studying  the  curative  properties  of  radium  and  not  for  private 
gain.  The  radium  produced  is  being  used  in  two  hospitals — the 
Howard  A.  Kelly  Hospital  in  Baltimore  and  the  General  Memorial 
Hospital  in  New  York. 

OBJECT  OF  nrTESTIGATIONS. 

In  imdertaking  the  radiimi  investigations  the  bureau  had  two 
objects  in  view — ^first,  to  enable  the  miner  and  prospector  to  obtain 
a  just  return  for  the  ores  and,  second,  to  convince  the  people  that 
radium  ores  on  the  public  lands  of  the  United  States  should  be  mined 
and  treated  under  Grovemment  supervision  and  the  radium  placed  in 
the  hospitals  of  the  Army,  Navy,  and  Public  Health  Service  for  the 
benefit  of  the  people  of  this  country. 

At  the  time  the  bureau  began  its  radium  investigations,  the  miners 
and  prospectors  were  receiving  approximately  only  $75  to  $80  per 
ton  for  ore  containing  2  per  cent  uraniimi  oxide,  this  price  being  for 
ore  dehvered  f.  o.  b.  New  York  in  transit  to  Europe.  The  ore  was 
being  sent  abroad  in  quantity  and  was  not  being  treated  in  this 
country,  although  one  or  two  companies  were  rapidly  purchasing 
from  prospectors  available  claims  at  $50  to  $200  per  claim,  and  there- 
by laying  the  foundation  of  a  future  possible  monopoly  in  this  rare 
material.  It  was  hoped  that  methods  could  be  found  that  would 
enable  miners  or  associations  of  miners  to  extract  the  radium  from 
their  own  ores,  place  it  on  the  market,  and  obtain  profits  that  had 
been  going  to  foreign  manufacturers.  By  August,  1914,  when  the 
European  war  came  on,  ore  was  selling  for  a  much  higher  price  than 
had  been  obtained  in  the  summer  of  1912. 

The  methods  of  extracting  the  radium  that  have  been  evolved 
and  are  described  herein  may  be  utilized  under  intelligent  technical 
control  by  any  firm,  association,  or  corporation  that  can  obtain  the 
raw  material  either  by  purchase  or  from  its  own  claims.  These 
methods  are  being  patented  for  the  benefit  of  the  people,  and  may  be 
freely  used  by  anyone  within  the  United  States. 

It  was  also  the  desire  of  the  bureau  to  show  beyond  doubt  that,  if 
authorized  by  Congress,  the  radium  could  be  procured  from  ores  now 
owned  by  the  people  at  a  cost  approximating  one-third  the  market 
price,  and  that  it  was  much  better  poUcy  for  the  Government  to  obtain 
the  radium  so  greatly  needed  in  the  hospitals  of  the  Army,  Navy,  and 
Public  Health  Service  at  a  cost  not  exceeding  one-third  the  present 
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market  price  than  to  give  these  ores  to  lai^e  corporations  and  then 
purchase  as  radium  salts  material  that  had  belonged  to  the  people,  at 
a  price  insuring  large  profits  to  the  possessors. 

Unfortunately  the  biH  introduced  into  Congress  in  January,  1914, 
that  would  have  accomplished  this  purpose  failed  to  pass,  and  in  the 
meantime  the  camotite  areas  have  been  thoroughly  prospected  and 
the  most  valuable  claims  located.  Accordingly  the  bureau  must  be 
content  with  the  good  that  may  come  to  the  American  people  through 
the  radium  being  extracted  in  the  plant  of  the  National  Radium  In- 
stitute  untU  such  time  as  the  Government  may  furnish  funds  suffi- 
cient  to  enable  it  to  purchase  in  the  open  market  such  ore  as  may  be 
necessary  to  supplement  the  Uttle  that  remains  uniocated  on  Gov- 
ernment land. 


CHAPTER    II.   DIFFERENT  METHODS   OF  TREATING 
RADIUM  ORES,  INCLUDING  NITRIC  ACID  METHOD. 

Until  a  year  or  two  ago  little  had  been  published  on  methods  of 
treating  any  of  the  uranium  ores  for  the  extraction  of  radium,  although 
a  number  of  patents  have  been  issued  both  in  this  country  and  abroad. 
Therefore  persons  interested  in  methods  of  extracting  radium  have 
had  little  to  guide  them,  as  details  of  the  methods  in  use  have  been 
dosely  guarded.  The  effect  has  been  rather  to  discourage  those  who 
might  have  been  inclined  to  invest  money  in  the  production  and 
sale  of  radium.  Consequently,  there  is  a  real  need  of  the  presentation 
of  all  of  the  necessary  details  in  the  successful  treatment  of  uranium 
ores,  and  the  refining  of  the  finished  products. 

The  different  methods  heretofore  used  may  be  classified  under 
three  general  heads,  as  follows :  (1 )  Use  of  an  acid  leach ;  (2)  use  of  an 
alkaline  leach  followed  by  an  acid  leach;  (3)  fusing  the  ore  with  some 
material  that  will  break  up  the  ore  and  make  the  extraction  of  the 
valuable  contents  possible.  These  different  methods  have  been  dis- 
cussed at  some  length  in  Bulletin  70,"  but  are  described  here  in 
more  detail. 

USE  OF  ACID  UBACH. 

In  the  method  involving  the  use  of  an  acid  leach,  the  two  acids 
employed  up  to  the  present  are  sulphuric  and  hydrochloric. 

LEACHING   WrrH  SULPHXTBIC   ACID. 

A  number  of  patents  have  been  issued  in  coimection  with  the  use 
of  sulphuric  acid.  The  Fleck,  Haldane,  and  White  patent  ^  claims 
that  radium,  uranium,  and  vanadium  can  be  extracted  successfully 
in  the  following  way: 

METHOD  OF  7LBCK,  HALDANE,  AND  WHITE. 

The  ore  is  crushed,  preferably  to  20  to  40  mesh,  by  any  suitable 
means,  and  is  agitated  with  hot  sulphuric  acid  of  15  to  20  per  cent 
concentration,  the  proportion  of  acid  used  depending  upon  the 
quality  of  the  ore.  As  a  rule,  400  pounds  of  65^  B.  sulphuric  acid 
diluted  to  15  to  20  per  cent  is  sufficient  for  the  treatment  of  1  ton  of 
ore.    The  resulting  acid  solution  contains  the  uranium,  vanadium^ 

o  Moore,  R.  B.,  and  Kithtt,  K.  L.,  A  pieUmJnary  report  on  nnnium,  radium,  and  vanadium:  BuH. 
70.  Bureau  of  Mines,  1914,  pp.  6f^-82. 
»  United  States  patent  800584. 
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and  copper,  if  copper  is  present,  and  is  preferably  filtered  or 
otherwise  clarified.  The  resulting  clear,  acid  solution  is  then  brought 
into  contact  with  fresh  ore,  heated,  and  agitated,  the  solution  being 
thereby  neutralized.  At  the  same  time,  a  part  of  the  uranium, 
vanadium,  and  iron  is  precipitated  on  the  ore  as  basic  sulphates  or 
carbonates,  the  effect  of  this  precipitation  being  to  enrich  the  ore, 
which  may  be  of-  low  grade.  If  necessary,  the  neutral  solution  is 
again  clarified,  and  constitutes  a  part  of  the  stock  solution  suitable 
for  further  treatment.  The  enriched  ore  that  has  served  for  the 
neutralization  of  the  acid  solution,  either  alone  or  mixed  with  fresh 
ore,  is  treated  with  sulphuric  acid,  as  described  above,  yielding  an 
acid  solution,  which,  after  neutralization,  is  added  to  the  sfcock 
solution. 

The  ore  residues  from  the  treatment  with  sulphuric  acid,  as  well 
as  the  residues  from  the  similar  treatment  of  the  enriched  ore,  are 
freed  from  remaining  values  by  being  washed  with  dilute  sulphuric 
acid.  The  resulting  acid  washings  are  then  strengthened  by  the 
addition  of  sulphuric  acid  until  they  contain,  preferably  15  to  20  per 
cent  of  the  acid,  and  are  utilized  for  continuing  the  process. 

The  nearly  neutral  stock  solution,  containing  uranium,  vanadium, 
iron,  and  possibly  copper,  is  then  treated  with  sulphurous  acid  by 
subjecting  the  solution  to  the  action  of  sulphur  dioxide  obtained  by 
roasting  sulphur  or  sulphide  ores.  This  treatment  reduces  the  iron 
and  the  vanadium.  Reduction  of  the  iron  to  the  ferrous  state  is  an 
advantage,  because  in  the  subsequent  precipitation  of  the  uranium 
and  vanadium  less  iron  is  precipitated,  and  the  valuable  metals  are 
therefore  in  a  more  concentrated  form.  The  sulphuric  acid  from  the 
sulphur  dioxide  is  also  available  for  the  treatment  of  additional 
quantities  of  ore. 

The  reduced  solution  is  separated  from  the  ore  by  filtration  or 
decantation,  and  is  treated  with  such  a  quantity  of  finely  pulverized 
limestone  as  calculation  has  shown  will  bring  it  to  the  point  at  which 
uranium,  vanadium,  and  copper  will  just  b^in  to  be  precipitated, 
calcimn  sulphate  being  formed.  The  solution  is  then  separated  from 
the  calcium  sulphate,  and  sufficient  pulverized  limestone  is  added  to 
cause  complete  precipitation  of  the  m*anium  and  vanadium  when  the 
Uquid  is  boiled.  The  precipitate,  which  comprises  a  complex  mixture 
containing  basic  sulphates  and  carbonates  of  uranium  and  vanadium, 
compounds  of  iron,  and  hydrated  calcium  sulphate,  is  at  first  green, 
but  in  air  changes  rapidly  to  hght  green  or  ydlow.  This  precipitate 
may  be  used  as  the  final  uraniimi-bearing  product,  or  itmay  befmiiher 
refined  or  concentrated  by  any  known  or  suitable  method,  as  the 
radium,  of  course,  remains  with  the  insoluble  residue. 

The  residue  may  be  agitated  with  water,  and  after  the  larger  part 
of  the  coarse  material  has  settled,  the  slimes  may  be  separated  and 


CHAPTEB  n.  METHODS  OF  TBEATENG  BADIXTM  0BE8.  17 

aUowed  to  settle.  After  the  decantation  of  the  clear  liquid,  the  resi- 
due, consisting  largely  of  calcium  sulphate,  barium  sulphate,  and 
finely  divided  silica,  constitutes  the  radium  concentrate.  From  this 
concentrate  the  radiiun  may  be  extracted  and  refined  by  any  suitable 
method.  By  the  procedure  outlined,  it  is  possible  to  get  a  radium 
concentrate  carrying  50  to  100  milligrams  of  radium  per  ton  of  con- 
centrate, the  exact  proportion  depending  on  the  grade  of  the  ore 
treated. 

OTHER  METHODS. 

The  other  methods  of  leaching  with  sulphuric  acid  are  more  or  less 
similar  to  that  of  Fleck,  Haldane,  and  White.  Some  involve  a 
preliminary  roasting  of  the  ore  before  treatment  with  acid. 

♦McCoy's  method  "  involves  mixing  the  ore  with  either  dilute  or 
concentrated  sulphuric  acid  to  form  a  mud,  and  roasting,  at  first  to 
a  temperature  of  100^  C.  and  finally  to  300^  C.  or  even  higher.  When 
the  roasted  material  is  leached  with  water,  the  iron,  vanadium,  and 
uranium  are  dissolved,  and  the  radiimi  remains  with  the  insoluble 
residue  from  which  it  can  be  recovered  by  any  suitable  means. 

La  all  such  methods  of  leaching  the  radium  remains  with  the  insolu- 
ble residue,  and  usually  some  sliming  method  is  used  to  obtain  it  in 
a  more  concentrated  form. 

If  camotite  is  treated  with  hot  concentrated  sulphuric  acid,  the 
radium,  instead  of  being  precipitated,  is  dissolved.  If  the  solution 
obtained  from  this  treatment  is  diluted  and  allowed  to  stand,  radium 
and  barium  are  precipitated,  more  barium  chloride  being  added,  if 
necessary.  In  order  to  get  a  good  extraction  it  is  necessary  to  use 
two  to  three  times  as  much  acid  as  ore. 

Theoretically,  it  might  be  possible  to  get  radium  into  solution  by 
passing  carbon  dioxide  into  water  in  which  camotite  ore  is  suspended. 
This  method,  however,  does  not  give  satisfactory  results. 

LEACHING  WrrH  HYDBOCHLORIO  AOID. 

Hydrochloric  acid  has  been  used  for  leaching  in  a  number  of  com- 
mercial plants.  The  ore  is  boiled  with  hydrochloric  acid — at  some 
plants  with  the  strong  acid,  and  at  others  with  weak  acid — one 
part  of  strong  acid  to  two  parts  of  water.  As  compared  with  sul-^ 
phuric  acid,  hydrochloric  has  the  advantage  of  putting  the  radium 
into  solution  at  the  start.  Also,  as  hydrochloric  acid  has  a  reducing 
action  on  the  vanadiimi,  it  acts  as  a  good  solvent  for  that  metal  as 
well  as  for  the  uranium.  If  strong  acid  is  used,  the  radium  can  be 
precipitated  from  the  acid  solution  by  partial  neutralization  either 
with  sodium  hydroxide  or  sodium  carbonate,  preferably  the  former, 

a  United  States  patent  1008282. 
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and  the  addition  of  sodium  sulphate  and  barium  chloride  if  the  ore 
does  not  contain  sufficient  barium.  After  the  separation  of  the 
precipitated  radium-barium  sulphate,  the  uranium  and  vanadium 
can  be  recovered  by  any  suitable  process. 

USE  OF  ATiKALTNB  UBACH. 

It  is  probable  that  some  of  the  early  experimental  work  on  ex- 
tracting radium  from  camotite  ore  involved  the  boiling  of  the  oro 
with  sodiiun  carbonate,  thereby  getting  rid  of  most  of  the  uranium  and 
part  of  the  vanadium.  The  residue,  after  having  been  thoroughly 
washed,  was  then  leached  with  dilute  chemically  pure  hydrochloric 
acid  in  order  to  extract  the  carbonates  present,  of  which  radium 
would  be  one.  The  Haynes-Engle  process  *  for  the  recovery  of  ura- 
nium and  vanadium  covered  this  method,  but  the  patent  specifica- 
tions do  not  show  what  is  necessary  for  the  final  recovery  of  the 
radium,  as  at  the  time  the  patent  was  issued  camotite  was  mainly 
valuable  for  uranium  and  vanadimn  and  not  for  radium. 

HAYNES-ENOLE   PROCESS. 

According  to  the  Haynes-Engle  patent  the  ore  is  first  crushed  to 
12  mesh  and  is  then  boiled  with  a  solution  of  an  alkaline  carbonate, 
preferably  sodium  carbonate  or  potassium  carbonate,  until  the 
uranium  or  vanadium,  or  both,  in  the  ore  is  dissolved.  The  strength 
of  the  sodiimi  carbonate  solution  and  the  length  of  time  necessary  to 
boil  it  are  determined  by  the  proportion  of  uranium  and  vanadium 
in  the  ore,  and  will  probably  vary  considerably.  The  originators  of 
the  process  claim,  however,  that  100  potmds  of  sodium  carbonate  per 
ton  of  ore  for  each  1  per  cent  of  uranium  and  vanadium,  or  either, 
present  will  give  good  results.  The  time  required  for  boiling  should 
be  about  one  hour.  After  the  uraniimi  and  vanadiimi,  or  either,  has 
been  dissolved,  the  clear  solution  is  drained  into  a  separate  tank. 
The  uranium  is  precipitated  as  sodium  uranate  by  the  addition  of 
sodium  hydroxide  to  the  solution.  This  precipitate  is  removed  from 
the  solution,  which  contains  all  of  the  vanadium.  From  the  solution, 
either  with  or  without  neutrahzation,  the  vanadium  is  precipitated 
as  calcium  vanadate  by  the  addition  of  water-slaked  lime. 

It  is  claimed  that  an  extraction  of  80  per  cent  of  the  uranium  and 
60  to  65  per  cent  of  the  vanadium  can  be  obtained  by  this  process. 

bleegker's  process. 

What  was  lacking  in  the  Ha3mes-Engle  process  has  been  <5overed 
by  a  patent  issued  to  Warren  F.  Bleecker.^    After  the  ore  has  been 

boiled  with  sodium  carbonate,  as  in  the  Hajmes-Elngle  process,  and 

* 
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washed,  the  residue  is  leached  with  a  dilute  acid,  preferably  hydro- 
chloric or  nitric.  This  treatment  of  the  ore  dissolves  the  radium, 
forming  radium-barium  chloride,  and  the  solution  can  be  drawn  ofF 
and  stored  for  any  approved  treatment  to  recover  the  radium.  If 
desired,  the  ore  may  be  leached  once  more  with  acid,  10  per  cent  sul- 
phuric acid  being  used,  the  object  being  to  recover  the  vanadium  not 
extracted  by  the  first  leaching. 

By  Bleecker's  method  not  only  is  nearly  all  of  the  uranium  and 
part  of  the  vanadium  recovered  but  the  radium  is  also  obtained  in 
soluble  form.  As  the  bulk  of  the  liquid  would  be  too  great  for  direct 
fractionation,  it  would  be  necessary  to  precipitate  the  radium  and 
barium  salts  in  solution  by  adding  a  suflBicient  quantity  of  sulphuric 
acid  or  sodium  sulphate.  By  this  means,  practicaUy  all  of  the 
radium  in  solution  could  be  recovered  as  radium-barium  sulphate, 
which  woidd  need  further  treatment,  as  described  in  a  subsequent 
chapter. 

Another  patent "  issued  to  Bleecker  covered  some  modifications  of 
the  process  outlined.  Under  the  later  patent  the  ore  is  boiled  with  a 
solution  of  an  alkaline  hydroxide,  and,  if  desired,  an  alkaline  carbonate 
may  be  added  to  the  solution.  For  example,  sodium  hydroxide  and 
sodium  carbonate  may  be  used,  in  which  event  the  resulting  liquid 
will  be  a  solution  of  sodium  vanadate,  from  which  the  vanadium  may 
be  recovered  by  any  approved  process.  After  the  sodium  hydroxide 
in  the  ore  has  been  neutraUzed  with  acid,  the  ore  is  leached  with 
a  solution  of  alkaline  carbonate,  the  temperature  of  the  solution  being 
kept  at  about  90°  C.  This  treatment  will  dissolve  the  iu*anium  as  the 
soluble  sodium  oiranyl  carbonate.  The  solution  can  be  subsequently 
treated  by  any  suitable  process  for  the  recovery  of  the  iu*anium. 
After  the  ore  has  been  thoroughly  washed  to  free  it  from  soluble 
carbonates  and  sulphates,  it  is  leached  with  an  acid  other  than 
sulphuric,  then  washed  with  water.  Eight  per  cent  hydrochloric  or 
nitric  acid  gives  good  results.  By  this  method  the  radium  is  extracted 
as  the  soluble  chloride  in  conjunction  with  barium,  calcium,  etc.,  and 
can  be  precipitated  from  the  solution,  as  already  described,  by  the 
addition  of  sulphuric  acid  or  sodium  sulphate. 

EXTB ACTION  OF  BADIX7K  BY  FUSION  METHODS. 
FUSION  WITH   SODIUM   SULPHATE. 

The  first  method  that  was  used  in  connection  with  the  extraction 
of  radium  was  that  of  fusing  pitchblende  ores  with  sodium  sulphate. 
This  method  was  originally  used  by  the  Austrian  Government  in  con- 
nection with  the  treatment  of  the  pitchblende  ores  from  the  Govern- 
ment mines  at  St.  Joachimsthal.     By  this  fusion  the  uranium  in  the 
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ore  is  changed  to  sodium  uranate;  which  can  be  dissolved  from  the 
insoluble  residue,  after  leaching  with  water,  by  means  of  dilute  sul- 
phuric acid.  The  radium  remains  behind  with  the  residue,  and  was, 
before  the  discovery  of  radimn,  discarded. 

PROCEDURE    OF  HAITINOER  AND  XTLRICH. 

The  extraction  of  the  radium  from  this  residue  is  well  described  by 
Haitinger  and  IHrich,*  and,  with  some  minor  changes,  is  probably 
similar  to  the  method  now  used  by  the  Austrian  Government.  The 
work  was  done  in  the  laboratory  of  the  Austrian  Incandescent  Gas- 
light &  Electric  Co.  Ten  thousand  kilograms  (22,000  pounds)  of 
pitchblende  residues  was  treated,  representing  about  30,000  kilo- 
grams (66,000  pounds)  of  pitchblende  containing  53.4  per  cent  of 
Us  Og.  Moisture  in  the  material  in  the  various  shipments  varied 
from  10.3  to  18.4  per  cent.  The  moisture  was  driven  off  at  a  temperar- 
ture  of  105^  C,  the  10,000  kilograms  of  residue  losing  1,340  kilograms 
in  this  way.  The  work  took  two  years,  owing  to  time  spent  on 
analyses  at  the  start  and  to  experiments  to  obtain  the  best  results. 
The  method  given  was  developed  as  being  most  suitable  to  the 
equipment  available.  Five  thousand  kilograms  annually  could  be 
treated. 

The  chemical  operations  involved  were,  first,  the  decomposition 
of  the  residues;  second,  the  removal  of  the  radium  sulphate  by  pre- 
cipitation; and  third,  the  solution  and  concentration  of  the  radium 
sulphate.  The  first  step  consisted  of  digesting  the  residue  with 
sodium  hydroxide,  100  kilograms  being  boiled  for  one  day  with  a 
solution  of  60  kilograms  of  hydroxide  in  200  liters  of  water.  Forty 
per  cent  of  the  alkaU  was  converted  to  sulphate  and  to  silicate.  The 
solution  contained  some  radium,  but  the  total  radium  so  dissolved 
from  the  entire  10,000  kilograms  of  residue  represented  the  radixun 
equivalent  of  only  10  kilograms.  Therefore  this  solution  was  thrown 
away. 

After  the  boiling  the  residue  was  allowed  to  settle  and  the  liquid 
was  decanted.  The  residue  was  washed  to  remove  the  greater  part 
of  the  sulphates,  filtering  and  washing  being  done  in  a  funnel  with  a 
capacity  of  100  kilograms  and  having  a  lead  suction  tube  3  meters 
long.  The  vessel  containing  the  washed  residue  was  placed  on  a 
water  bath,  and  the  residue  was  treated  with  an  equal  weight  of 
dilute  (1:1)  crude  hydrochloric  acid.  After  prolonged  heating  the 
acid  solution  was  decanted  a^d  the  residue  washed  with  water.  The 
water  was  then  used  to  dilute  the  next  part  of  acid  for  a  new  sample. 

Crystals  of  calcium  sulphate  and  lead  chloride  formed  in  the  acid 
solution  as  it  cooled.    Neither  the  solution  nor  the  crystals  contained 
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an  appreciable  quantity  of  radium,  but  nearly  aU  of  the  polonium 
and  of  the  actinium  was  in  the  solution.  The  solution  was  therefore 
treated  with  ammonium  hydroxide  to  precipitate  the  polonium  and 
actiuiimi.    The  filtrate  was  not  radioactive  and  was  discarded. 

The  residue  from  the  treatment  with  crude  hydrochloric  acid  was 
boiled  in  a  solution  of  sodiimi  carbonate,  the  carbonate,  made  by  the 
ammonia  process,  being  free  from  sulphates.  Fifty  kilograms  of 
sodimn  carbonate  in  200  liters  of  water  was  used  for  a  100-kilogram 
sample.  By  this  treatment  a  large  part  of  the  radium  sulphate  was 
converted  to  radium  carbonate.  Therefore,  in  subsequent  treat- 
ments the  solutions  had  to  be  kept  free  from  sulphate.  The  residue 
was  washed  till  free  from  all  trace  of  sulphate  and  then  treated  with 
pure  hydrochloric  acid.  The  boiling  with  soda  and  the  treatment 
with  acid  was  repeated  three  times.  After  the  third  treatment  only 
2  per  cent  of  the  original  radium  content  remained  in  the  residue, 
which  was  thrown  away.  The  soda  extracts  were  practically  free 
from  radium.  The  washing  of  each  of  the  various  residues  consumed 
four  to  six  weeks.  The  hydrochloric  acid  extracts,  containing  nearly 
aU  the  radium,  were  united  and  the  radium  was  precipitated  as  a 
sulphate  with  sulphm*ic  acid.  Besides  the  radium,  the  precipitate 
contained,  of  course,  the  alkali  earths,  including  calcium,  much  lead 
containing  radio-lead,  and  a  small  quantity  of  rare  earths  containing 
actinium.  The  sulphate  precipitate,  called  crude  sulphate,  repre- 
sented 0.5  to  2  per  cent  of  the  weight  of  the  original  residue. 

The  crude  sulphate  was  reconverted  to  carbonate  by  repeated 
boiling  with  sodium  carbonate  solution.  AU  of  the  sulphate  from 
any  one  sample  could  not  be  converted;  therefore,  the  final  residue 
from  the  treatments  was  not  thrown  away,  but  added  to  a  new  part 
of  crude  sulphate.  After  each  carbonate  treatment,  an  extraction 
with  hydrochloric  acid  was  made.  The  lead  chloride  formed  in  the 
solutions  was  removed  and  freed  from  radimn  by  repeated  crystal- 
lization in  hot  water.  Sixty  kilograms  of  lead  chloride  was  thus 
obtained  from  the  entire  10,000  kilograms  of  residue.  It  was  saved 
and  treated  for  its  content  of  radio-lead. 

The  hydrochloric  acid  solutions  from  the  crude  sulphate  were  freed 
completely  from  lead  by  hydrogen  sulphide  and  were  then  evaporated 
to  dryness  on  a  steam  bath.  The  calcium  chloride  in  the  residue  so 
obtained  was  dissolved  in  concentrated  hydrochloric  acid,  in  which 
barium  chloride  is  only  slightly  soluble  and  radium  chloride  is  still 
less  soluble.  The  residue  remaining,  called  crude  chloride,  consisted 
of  radiimoL  and  barimn  chlorides,  with  some  strontium  and  calcium 
chlorides  and  traces  of  other  impurities. 

From  this  point  on  the  concentration  was  continued  by  fractional 
crystallizations  from  water  solutions.  Radium  chloride,  which  is  the 
least  soluble  of  the  chlorides,  accumulated  in  the  crystab,  the  foreign 


22  EXTEAOTTON  OP  RADIUM,  UBAKIUM,  AND  VANADIUM. 

matter  remaining  more  and  more  in  the  mother  liquor.  The  iBrst  frac- 
tion was,  of  course,  the  richest  in  radiimi.  Two  steps  in  this  process 
were  of  particular  importance — ^first,  the  separation  of  as  large  a 
quantity  of  radixim-free  barium  chloride  as  was  possible;  second,  the 
making  of  a  relatively  large  first  fraction.  The  second  step  could  be 
satisfactorily  attained  by  temporarily  stopping  the  crystallization  of 
the  first  series  xmtil  the  crystals  of  the  second  series  were  of  suf- 
ficient radioactivity  to  be  united  with  the  first. 

The  crystallizations  were  all  carried  out  on  a  steam  bath  in  order 
to  avoid  contamination  with  sulphate,  as  might  have  occiured  if 
heating  had  been  done  with  a  direct  flame. 

Finally,  two  portions  of  crystals  were  obtained,  one  of  about  2 
kilograms,  contauiiDg  nearly  all  of  the  radium,  and  the  other  of  about 
11  kilograms,  containing  little  radimn. 

The  2-kilogram  portion  was  treated  as  raw  material  for  the  pro- 
duction of  radimn  chloride  free  from  barium.  After  this  portion 
had  been  crystallized  about  30  times,  the  first  fraction  of  about  9 
grams  was  further  crystallized,  and  the  lower  fractions  were  com- 
bined into  three  groups  according  to  their  activity.  The  9-gram  por- 
tion was  first  purified  with  hydrogen  sulphide,  which  removed  traces 
of  lead  that  probably  came  from  the  glassware.  Further  work  was 
conducted  in  quartz  vessels.  The  salt  was  dissolved  in  dilute  hydro- 
chloric acid,  warmed,  and  allowed  to  crystallize.  Four  fractions  were 
so  obtained. 

Atomic-weight  determinations  were  made  with  three  of  the  frac- 
tions, the  values  obtained  being  143.2,  185.2,  and  225.  The  latter 
represented  practically  pure  radium  chloride. 

Some  of  the  lower  fractions  of  barium  chloride  that  were  poor  in 
radium  were  converted  to  the  bromide  and  then  fractionated.  Only 
one  portion,  that  which  should  contain  the  most  radimn — that  is, 
the  last  of  the  four  analagous  fractions — ^was  saved.  The  other 
portions  were  reconverted  to  chloride  and  added  to  the  main  chloride 
crystallization  system.  In  all,  3  grams  of  pure  dry  radium  chloride 
and  0.236  gram  of  radium  bromide  were  obtained  from  10,000 
kilograms  of  original  residue. 

radcliffe's  method. 

Although  Haitinger  and  Ulrich's  method  is  suitable  for  the  treatment 
of  pitchblende,  which  contains  much  more  uranium  oxide  than 
does  the  average  grade  of  camotite,  as  shipped,  the  method  would  not 
be  applicable  to  the  latter  ore.  The  same  statement  applies  to  the 
method  that  has  been  used  by  Radcliffe,*'  as  the  ore  that  his  method 
is  designed  to  treat  is  widely  different  from  the  carnotite  in  Colorado 
and  Utah.     The  actual  mineral  carrying  the  uranium  that  is  found  in 
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Olarj;  South  Australia,  is  camotite,  but  it  is  associated  with  con- 
siderable quantities  of  ilmenite  and  rare-earth  minerals  that  are  not 
found  in  American  camotite. 

The  dry  ore  is  crushed  to  pass  a  20-mesh  sieve,  and  is  then  con- 
centrated magneticfdly;  the  concentrates  amount  to  about  30  per 
cent  of  the  original  ore,  and,  as  they  are  insoluble  in  acids,  a  fusion 
process  is  necessary  to  effect  the  initial  decomposition.  In  the  fusion 
process  the  concentrates  are  mixed  with  three  times  their  weight  of 
salt  cake  and  fused  in  a  reverberatory  furnace.  The  fused  product 
is  crushed  to  pass  an  8-mesh  sieve  and  is  put  into  wooden  vats  fitted 
with  agitators.  Cold  water  is  fed  continuously  into  the  vats  at  the 
bottom,  and  an  overflow  is  provided  near  the  top.  By  suitable 
adjustments  it  is  possible  to  separate  out  on  the  bottoms  of  the  vats 
a  considerable  amount  of  comparatively  coarse  material  that  is  almost 
free  from  radium  and  uranium.  The  turbid  liquid  overflowing  carries 
in  suspension  the  radiiun,  lead,  and  barium  as  sulphates,  tpgether 
with  a  considerable  amount  of  finely  divided  silica.  In  solution  are 
found  the  uranium,  the  rare  earths,  and  part  of  the  iron  and  ''acid 
earths''  contained  in  the  ore.  The  coarse  residues  are  removed  daily, 
rewashed,  and  discarded. 

The  overflow  from  the  dissolving  vats  is  pumped  to  large  lead-lined 
tanks  and  allowed  to  stand  all  night.  The ' 'slimes  "  settle  completely 
in  12  hours  and  the  clear  liquid  is  drawn  off  daily  and  treated  for  the 
recovery  of  uranium.  The  slimes,  which  constitute  when  dry  approxi- 
mately 10  per  cent  of  the  weight  of  the  concentrates,  are  collected 
weekly  and  treated  for  the  recovery  of  radium. 

The  clear  solution,  containing  the  uranium  and  much  of  the  iron 
and  other  bases,  together  with  a  large  amount  of  sodium  salts,  is  fed 
into  a  series  of  vats  containing  a  measured  excess  of  a  mixture  of  car- 
bonate and  bicarbonate  of  soda.  This  is  heated  and  agitated  by 
means  of  steam  jets;  the  iron  and  most  of  the  other  bases  are  precipi- 
tated, and  the  uranium,  together  with  some  of  the  rare  earths,  goes 
into  solution.  The  iron  is  filtered  off  and  the  uranium  solution  is 
made  barely  acid  with  sulphuric  acid  and  is  heated,  the  carbon 
dioxide  being  expelled  by  a  current  of  air.  The  uranium  is  then 
precipitated  by  the  addition  of  ammonia.  The  ammonium  uranate 
thus  formed  is  thickened  in  conical  settling  tanks  and  in  a  hydroex- 
tractor.  The  pulp  is  dried  and  dehydrated  in  lai^e  muffles.  The 
dried  product  is  broken  up  and  washed  repeatedly  with  hot  water  to 
remove  sodium  salts,  the  final  product  containing  about  75  per  cent 
U,03. 

To  recover  the  radium  from  the  insoluble  residue  or  slimes  from  the 
settling  tank,  the  residue  is  mixed  with  half  its  dry  weight  of  strong 
sulphuric  acid  and  the  liquid  is  allowed  to  stand  for  several  days. 
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The  residue  is  then  washed  by  decantation  and  by  the  use  of  a  vacuum 
filter.  This  treatment  reduces  the  bulk  considerably,  dissolving  out 
large  amounts  of  iron  salts  and  ''acid  earths/'  The  washed  slime, 
in  quantities  of  about  200  kilograms,  is  then  boiled  in  large  steel 
boilers  with  an  excess  of  a  20  per  cent  solution  of  sodium  carbonate, 
the  solution  being  replaced  once  during  the  boiling.  This  treatment 
dissolves  a  large  amoxmt  of  silica  and  converts  much  of  the  lead, 
radium,  and  barium  sulphates  to  carbonates.  The  slime  is  then 
washed  until  the  wash  water  gives  no  reaction  for  sulphates,  and  is 
then  fed  into  a  warm  dilute  solution  of  hydrochloric  acid,  agitated  for 
a  couple  of  hours,  and  allowed  to  settle  ail  night.  The  clear  solution 
is  siphoned  off,  and  lead,  barium^  and  radium  precipitated  as  sul- 
phates. After  having  been  washed  once  by  decantation,  the  slime  is 
again  treated  as  above  described,  two  treatments  being  sufficient  to 
extract  most  of  the  radium. 

The  crude  sulphate  obtained  in  this  manner  is  fused  with  carbonate 
of  soda  in  large  graphite  pots  and  the  product  digested  with  hot 
water.  The  insoluble  residue,  after  most  of  the  metallic  lead  has 
been  removed,  is  thoroughly  washed  and  heated  with  hydrochloric 
acid,  the  solution  is  evaporated  to  dryness  to  dehydrate  the  silica,  and 
the  residue  is  moistened  with  acid  and  digested  with  hot  water,  the 
silica  being  filtered  off. 

FUSION    WITH   SODIUM   CARBONATE. 

Another  method  of  radium  extraction,  that  has  been  used  by  at 
least  one  company,  is  that  of  fusing  the  ore  or  camotite  concentrates 
with  sodium  carbonate;  about  three  times  as  much  carbonate  as  ore 
being  used.  The  mixture  is  strongly  heated  .in  a  reverberatory 
furnace  lined  with  magncsite  brick,  and  the  fused  mass  is  run  directly 
into  vats,  in  which  it  is  leached.  In  this  manner  the  silica  is 
converted  into  sodium  silicate  and  goes  into  solution  together  with 
the  uraniimi  and  vanadium.  The  iron,  calcium,  barium,  radium,  etc., 
remain  as  the  insoluble  residue,  which  is  washed  in  filter  presses. 
This  material  is  then  treated  with  dilute  sulphate-free  hydrochloric 
acid,  which  dissolves  the  carbonates,  and  the  radiimi  and  barium 
are  precipitated  by  the  addition  of  the  requisite  amount  of  sulphuric 
acid  or  sodium  sidphate.  The  whole  is  allowed  to  settle  in  settling 
tanks,  and  the  clear  liquid  drawn  off,  the  barium-radium  sulphates, 
mixed  with  a  considerable  amount  of  silica  and  other  impurities, 
being  left  as  a  sludge  at  the  bottom  of  the  tank.  This  is  taken  off 
without  previous  filtration  and  dried,  forming  a  crude  radium-barium 
sulphate,  which  is  then  refined  by  a  special  process  involving  frac- 
tionation from  neutral  solution. 
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GBMBBAI.  DISCtrSSION  OF  PBOGBSSBS  DBSC&IBED. 

As  r^ards  these  different  processes  of  radium  extraction,  it  can  be 
plainly  seen  that  each  has  some  disadvantages.  Any  process  that 
involves  the  use  of  sulphuric  acid  as  a  leaching  agent  at  once  puts 
the  radiimi  in  an  insoluble  form.  Although  a  concentration  is 
usually  obtained  which  may  run  as  high  as  10  to  1,  or  even  higher, 
the  advantage  of  such  a  concentration  is  more  than  overcome  by  the 
disadvantage  of  having  to  treat  the  radium  as  an  insoluble  rather 
than  a  soluble  product.  The  sliming  method  gives  a  concentrate 
consisting  largely  of  calciiun  sulphate  mixed  with  jBne  silica,  the  whole 
carrying  a  certain  proportion  of  barium  and  radium  sulphates. 
Owing  to  the  presence  of  the  silica,  none  of  the  short  methods  for 
recovering  the  radiimi  from  the  insoluble  sulphate  can  be  used,  and  it 
is  necessary  to  boil  the  material  with  sodimn  carbonate  and  then 
leach  with  chemically  pure  hydrochloric  acid. 

The  labor  required  is  considerable  and  makes  the  cost  of  refining 
high.  The  fact  that  this  method  of  concentration  could  be  used  at 
the  mines  was  used  to  justify  the  extra  expense,  but  as  it  is  cheaper 
to  transport  ore  than  sulphuric  acid,  the  argiunent  does  not  hold. 
In  addition,  the  uranium  and  vanadiiun  concentrate  is  in  an  undesir- 
able form  which  must  be  retreated  before  final  use.  Any  process 
that  converts  the  radium  in  camotite  into  an  acid  insoluble  product, 
when  it  is  abeady  in  the  ore  in  a  more  easily  treated  condition,  is 
open  to  serious  criticism. 

LEACHING   WrrH  HYDBOCHLORIO   ACID. 

Leaching  with  hydrochloric  acid  will  prove  successful  with  some 
camotite  ore,  provided  the  acid  is  prcicitically  free  from  sulphuric 
acid,  or  contains  less  than  0.05  per  cent  of  the  latter  acid,  and  pro- 
vided the  ore  itself  is  exceedingly  low  in  gypsmn  and  other  sulphates. 
In  other  words  on  a  selected  ore  a  hydrochloric-acid  leach  will  prove 
reasonably  satisfactory,  and  an  80  or  even  a  90  per  cent  extraction 
can  be  obtained  imder  favorable  conditions.  The  preferable  con- 
centration is  an  acid  containing  about  20  per  cent  hydrogen  chloride, 
and  a  weight  equal  to  that  of  the  ore  should  be  used.  The  filtration 
must  take  place  while  the  acid  is  hot,  and,  therefore,  must  be  rapid. 
The  residue  should  be  washed  with  more  dilute  acid  and  then  with 
distilled  water.  Although  a  satisfactory  extraction  is  frequently 
obtained,  on  the  other  hand  the  extraction  from  many  ores  may  be 
as  low  as  60  or  even  40  per  cent,  and  the  method  can  not,  therefore, 
be  considered  satisfactory  for  universal  use  with  camotite  ores. 


26  EXTBACTION  OP  BADIUM,  UBANIUM^  AND  VANADIUM. 

FUSION  WITH   SODIUM  CARBONATE   AND  LEACHING  WITH  ACID. 

The  treatment  with  sodium  carbonate,  followed  by  an  acid  leach, 
does  not  have  the  same  objections.  Indeed,  this  method  can  be  used 
efficiently  for  the  extraction  of  radium,  the  objections  being  more  of  a 
mechanical  than  of  a  chemical  nature.  When  the  ore  is  boiled  with 
sodiimi  carbonate,  about  80  per  cent  of  the  uranium  and  possibly  60 
per  cent  of  the  vanadiimi  goes  into  solution.  A  previous  roast  or  the 
use  of  oxidizing  materials  during  the  leaching  is  advantageous,  if  not 
necessary.  The  sodium  carbonate  solution  can  be  separated  either  by 
the  use  of  a  filter  press  or  by  settling  and  decantation,  as  the  liquor  does 
not  readily  filter  by  gravity  through  ordinary  filtering  media.  The 
ore  thus  treated  must  be  thoroughly  washed  with  distilled  water,  in 
order  to  remove  as  much  as  possible  of  the  sodium  silicate  and  sodium 
sidphate  formed  in  the  reaction.  After  this  washing  it  is  necessary 
to  use  chemically  pure  hydrochloric  acid,  or  at  least  an  acid  abso- 
lutely free  from  sulphates,  for  the  presence  of  small  amounts  of  iron 
or  other  impurities  is  not  injurious. 

It  is  almost  impossible  to  filter  the  acid  solution  after  treatment  with 
hydrochloric  acid,  because  small  quantities  of  sodium  silicate  remain 
with  the  ore,  and  the  liberated  silicic  acid  dogs  any  filtering  medium  that 
may  be  used.  Experiments  by  the  National  Radimn  Institute  showed 
that  great  difficidty  woidd  be  experienced  in  filtering  at  this  stage 
either  by  gravity,  by  suction,  or  by  pressure.  Again,  settling  and 
decantation  might  prove  successful,  but  would  involve  the  use  of  a 
large  bulk  of  dilute  acid.  Diuing  the  time  required  for  settling,  the 
radium  would  tend  to  precipitate,  especially  in  the  presence  of  silica. 
The  process  also  involves  the  handhng  of  the  ore  twice,  but  the  main 
difficulties  are  in  connection  with  filtration  or  the  separation  of  the 
hquors  from  the  residues. 

After  the  acid  solution  has  been  removed,  the  radiiun  can  be  re- 
precipitated  as  radium  barium  sulphate  by  adding  to  the  acid  solu- 
tion the  required  amount  of  barium  chloride  and  either  sulphuric  acid 
or  sodium  sulphate.  The  radium  barium  sulphate  can  then  be  ob- 
tained by  settling  and  decanting  the  clear  liquid  from  the  precipitate, 
and  finally  removing  the  precipitate  through  an  earthenware  filter. 

Whether  the  patent  covering  this  process  contains  any  new  dis- 
covery might  be  questioned.  Moreover,  the  same  results  can  be 
obtained  by  using  sodium  bicarbonate  instead  of  sodium  carbonate. 

FUSION  WITH  SODICM   CARBONATE. 

The  fusion  methods  used  for  pitchblende  and  the  Austrian  ores  do 
not  apply  to  American  carnotite,  although  they  may  have  some 
advantages  for  the  particular  ore  they  are  designed  to  treat.  The 
fusion  of  carnotite  with  sodiimi  carbonate  has  some  advantages  and 
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some  serious  disadvantages.  The  main  advantage  is  that  it  is  adapted 
to  camotite  in  any  form  whether  it  be  ore  of  20  or  30  mesh  or  concen- 
trates of  more  than  200  mesh.  In  addition  the  presence  of  sulphates 
in  the  ore  is  not  deleterious,  as  they  are  removed  at  the  same  time  as 
the  sodium  silicate.  The  disadvantages,  however,  are  numerous. 
In  the  first  place,  as  a  large  bulk  of  sodixun  carbonate  has  to  be  added 
to  the  ore  considerable  material  has  to  be  handled.  After  the  fusion 
3.5  tons  of  fused  material  are  handled  for  1  ton  of  ore  or  concentrates. 
The  uranium  and  vanadium  is  in  the  filtrate  from  the  leached  mate- 
rial, and  the  presence  of  so  much  sodium  carbonate  and  sodixun  sili-' 
cate  makes  the  cost  of  the  recovery  of  the  uraniiun  and  vanadixun 
excessive. 

The  uranium  can  be  recovered  in  one  or  two  ways— either  by  adding 
sodium  hydroxide  directly  to  the  filtrate,  or  by  making  the  filtrate 
slightly  acid  with  sulphuric  acid  and  then  adding  sodium  hydroxide 
to  the  hot  liquid.  In  the  first  case  the  amount  of  sodium  hydroxide 
required  to  precipitate  the  uranium  in  the  presence  of  so  much  sodium 
carbonate  is  large  and  usually  involves  the  precipitation  also  of  a  con- 
siderable amount  of  silica.  The  result  can  be  more  easily  accom- 
plished by  first  making  the  solution  acid,  but  this  involves  again  the 
use  of  a  large  amount  of  sulphuric  acid.  In  addition  the  crude  barium 
sulphates  obtained  are  mixed  with  a  considerable  amount  of  silica, 
which  makes  them  difficult  to  treat  by  ordinary  methods. 

It  is  doubtful  whether  a  total  recovery  of  radium  of  more  than  70 
per  cent  has  been  obtained  by  this  process.  This  low  recovery  and 
the  necessarily  high  costs  more  than  counterbalances  the  advantages 
that  the  method  may  have. 

POSSIBLE  NEW  METHODS  OF  BADITTM  EXTRACTION. 

In  the  search  for  a  better  method  than  those  outlined  the  main 
object  to  be  borne  in  mind  is  a  high  extraction  and  recovery  of  the 
radium.  The  importance  of  a  high  recovery  of  uranium  and  vana. 
dium  has  been,  to  some  degree,  unduly  emphasized;  the  main  object 
is  to  obtain  the  radium. 

ADVANTAGES   OP  USING   NITRIC   ACID. 

For  extracting  the  radiimi  the  use  of  nitric  acid  possesses  many 
advantages,  especially  if  the  initial  cost  of  the  nitric  acid  can  be 
reduced  through  the  recovery  of  sodiimi  nitrate  as  a  by-product. 
The  cost  of  the  treatment  would  be  very  largely  incfreased  if  6  to  7 
cents  per  pound  of  100  per  cent  nitric  acid  had  to  be  paid  instead  of 
the  lower  cost  of  hydrochloric  acid.  On  the  other  hand,  if,  in  con- 
nection with  the  nitric  acid  method,  sodium  nitrate  can  be  recovered 
with  small  loss  and  nitric  acid  be  once  more  made  from  the  sodium 
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nitrate  a  cycle  would  be  obtained  that  would  reduce  the  cost  of  the 
nitric  acid  to  a  figure  as  low  as,  if  not  lower  than,  that  for  the  hydro- 
chloric acid. 

In  addition,  the  solvent  action  of  nitric  acid  on  radium  sulphate  is 
much  greater  than  that  of  hydrochloric  acid.  Radium  belongs  to 
the  calcium,  strontium,  and  barium  group,  and,  as  analysts  know,  in 
order  to  precipitate  bariimi  sulphate  completely  and  efficiently 
free  nitric  acid  must  be  removed.  Consequently,  nitric  acid  has  a 
much  greater  solvent  action  on  radium  even  though  the  latter  may 
be  associated  in  the  ore  with  reasonable  quantities  of  sulphates. 

This  greater  solvent  action  of  nitric  acid  was  the  general  basis  for 
the  method  devised  by  the  Bureau  of  Mines  and  used  in  the  plant  of 
the  National  Radium  Institute.  It  has  recently  been  recognized 
by  Plum,^  who  su^ests  that  possibly  the  best  method  for  treating 
camotite  is  to  boU  the  ore  first  with  sodium  carbonate,  leach  the 
washed  residue  with  hydrochloric  acid,  and  foUow  this  leaching  with 
nitric  acid  in  order  to  dissolve  the  10  per  cent  of  radium  that  he  was 
unable  to  extract  with  hydrochloric  acid.  Plum  had  in  mind  the 
extraction  of  both  radium- and  other  radioactive  constituents,  such 
as  polonium  and  actimum,  but  he  plainly  indicates  that  nitric  acid 
can  dissolve  out  of  carnotite  radium  that  can  not  be  dissolved  by 
hydrochloric  acid,  even  after  the  ore  has  received  a  preliminary 
leaching  with  sodium  carbonate.  This  finding  was  also  established 
in  the  preliminary  cooperative  work  carried  on  two  years  ago  which 
led  to  the  adoption  of  the  nitric  acid  method. 

When  the  use  of  nitric  acid  at  the  start  will  give  just  as  high  an 
extraction  as  the  combined  use  of  sodium  carbonate,  hydrochloric 
acid,  and  nitric  acid,  there  is  no  need  to  use  the  three  steps  unless  it 
is  desired  to  recover  the  other  radioactive  constituents  in  the  ore. 

By  the  method  he  outlined.  Plum  was  able  to  recover  89.9  per 
cent  of  the  radium  in  the  ore  on  a  laboratory  scale,  using  1  kilogram 
of  material;  this  extraction  has  been  exceeded  a  nimiber  of  times  on 
carload  lots  in  the  plant  of  the  National  Radium  Institute  by  the 
use  of  nitric  acid  alone.  As  a  scientific  accomplishment  the  recovery 
of  the  polonium,  actinium,  and  ioniiun  would  be  strongly  advisable, 
but  as  these  now  have  little  or  no  commercial  value  they  can  not  be 
taken  into  consideration  in  a  commercial  process. 

In  the  nitric-acid  process  the  radiiun  is  at  once  recovered  as  a 
high-grade  radiimi  barium  sulphate,  practically  free  from  silica,  and 
easily  treated  by  improved  methods.  The  process  is  adapted  to 
recovering  either  the  radium  by  itself,  or  the  radium,  uraniimi,  and 
vanadium,  as  the  radiimi  is  obtained  first,  and  from  that  point  all 

a  Plum,  H.  M.,  The  extinction  and  separation  of  the  radioactlye  constituents  oC  carnotite:  Jour.  Am. 
Chem.  Soc.,  vol.  37, 1915,  p.  1797. 
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the  Other  products  may  be  discarded  without  further  treatment,  if 
so  desired. 

The  different  steps  are  each  completed  in  one  day,  the  equipment 
is  not  expensive,  the  extraction  and  recovery  are  high,  and  it  is 
believed  that  the  costs  are  lower  than  those  with  any  other  process 
for  treating  camotite. 

From  the  data  already  presented  it  can  be  readily  seen  that  each 
particidar  type  of  radiiun-bearing  ore  has  to  receive  a  more  or  less 
different  treatment,  depending  upon  the  other  constituents  of  the  ore. 
This  process  has  been  tried  only  with  American  camotite,  and  may 
not  be  adapted  to  other  radium-bearing  ores,  as  its  efficiency  in  con- 
nection with  other  ores  has  not  yet  been  fully  determined.  The  proc- 
ess is,  however,  applicable  to  the  treatment  of  camotite  ores  obtained 
in  Colorado  and  Utah. 


CHAPTER  III.  BUREAU  OF  MINES  METHOD  FOR 

TREATING  CARNOTITE. 


OUTLINi:  OF  BUBEAV  OF  BONES  METHOD. 

The  method  of  treatmg  camotite  ore  used  by  the  Bureau  of  Mines 
is  outlined  in  this  chapter.  The  process  is  clearly  indicated  in  the 
diagram  following: 

Diagram  of  steps  in  Bureau  of  Mines  Tnethod  of  radium  extraction. 
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CHAPTBB  ni.  TREATING  OABNOTITE.  31 

IiEAGHINO,  FILTEBINO,  AND  WASHINO  OBE. 

In  the  method  used  by  the  Bureau  of  Mines,  the  ore  is  ground  to  20 
mesh  and  is  leached  with  strong  hot  nitric  acid  in  acid-proof  earthen- 
ware pots.  The  amoimt  of  acid  used  is  121  poimds  of  100  per  cent 
nitric  acid  to  500  pounds  of  ore,  the  acid  being  diluted  to  38  per  cent 
strength.  However,  the  strength  may  be  varied  somewhat,  ores  high 
in  sulphates  requiring  stronger  acid.  The  acid  is  brought  near  the 
boiling  point  by  live  steam,  which  has  been  passed  through  a  baffle 
in  order  to  eliminate  any  impurities  from  the  steam.  The  ore  is 
then  run  in,  being  stirred  with  a  wooden  paddle  during  the  process. 
The  acid  is  heated  for  15  minutes  longer,  with  occasional  stirring, 
and  the  acid  is  then  run  into  an  earthenware  vacumn  filter,  asbestos 
filter  cloths  being  used.  As  much  as  possible  of  the  sand  is  held 
back  in  the  pot  by  means  of  a  long  wooden  plug  manipulated  by 
hand,  and  this  sand  is  given  an  acid  wash  with  acid  about  one-third 
the  strength  of  that  used  for  the  first  leaching.  This  sand  is  then 
dumped  on  the  filter,  and  receives  two  washings  with  hot  distilled 
water. 

PBECIPITATION. 

The  whole  work  from  start  to  finish,  leaching,  filtering,  and  wash- 
ing, can  usually  be  done  in  about  seven  hours.  The  residue  is  thrown 
on  the  dtmip  and  the  filtrate  is  run  through  earthenware  pipes  into  a 
large  precipitating  tank  made  of  California  redwood,  where  it  is  di- 
luted by  the  addition  of  water.  This  solution  is  stirred,  and  sodium 
hydroxide  is  run  in  slowly,  with  the  object  of  reaching  as  nearly  as 
possible  the  neutral  point  without  forming  a  permanent  precipitate. 
If  too  much  alkaU  is  added,  both  iron  and  vanadiiun  are  precipitated, 
and  contaminate  the  radiiun-barium  sulphate;  on  the  other  hand,  if 
not  enough  sodimn  hydroxide  is  added,  the  acidity  remains  too  high 
and  the  solvent  action  of  the  nitric  acid  on  the  radium-barium  sul- 
phate is  not  sufficiently  decreased.  A  little  practice  enables  the  oper- 
ator to  get  the  right  point  by  visual  observation  without  titrating, 
titration  not  being  possible  because  of  the  large  amount  of  dissolved 
material  that  would  be  precipitated  by  an  alkali. 

A  solution  of  barium  chloride  is  then  added,  usually  in  the  propor- 
tion of  about  2  pounds  of  barimn  chloride  to  1  ton  of  ore,  and  after 
the  liquid  has  been  thoroughly  stirred,  sulphuric  acid  is  slowly  added, 
as  stirring  continues.  Fifteen  poimds  of  sulphuric  acid  to  1  ton  of 
ore  is  the  preferable  quantity.  The  stirring  is  continued  for  one  hour, 
when  the  whole  solution,  containing  the  barium-sulphate  precipitate, 
is  elevated  to  a  conical  settling  tank  by  means  of  a  centrifugal  pump 
having  parts  that  come  in  contact  with  the  Uquid  made  of  duriron. 
The  solution  i3  then  allowed  to  settle  in  the  conical  tank  for  a  few 
days.     In  the  original  plant  this  period  VW  three  days;  in  the  second 
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plant  it  was  increased  to  four.  By  means  of  a  floating  siphon,  the 
clear  solution  is  decanted  into  a  tank  containing  an  excess  of  boiling 
sodium  carbonate,  where  the  iron,  calcium,  and  most  of  the  alumin- 
ium are  precipitated,  and  the  uranium  and  vanadium  go  into  solu- 
tion as  the  double  carbonate  of  uranium  and  sodium,  and  as  sodium 
vanadate.  The  solution  must  be  boiled  for  at  least  three  hours  after 
all  the  acid  solution  has  been  run  in,  as  otherwise  there  is  consider- 
able loss  both  in  uranium  and  vanadium,  which  remain  with  the 
iron  precipitate. 

The  radium-barium  sulphates  and  the  associated  liquor  are  run 
onto  an  earthenware  suction  filter,  filtered,  washed,  and  finally  treated 
with  a  dilute  solution  of  sodium  hydroxide  in  order  to  remove  the 
last  traces  of  free  acid.  The  filtrate  is  run  into  the  carbonate  tank 
with  the  rest  of  the  acid  liquor.  The  radium-bariiim  sulphates  are 
placed  in  iron  pans  and  dried  in  a  hot-air  oven. 

TBEATMENT  OF  SODIUM  CABBONATB  SOLUTION. 

The  sodiimi  carbonate  solution,  carrying  the  uranium  and  var 
nadium,  is  nearly  neutralized  with  nitric  acid,  the  solution  being  con- 
stantly stirred  by  means  of  compressed  air;  then  sodium  hydroxide 
is  added  to  the  boiUng  solution  until  there  is  a  complete  precipita- 
tion of  sodimn  uranate.  No  attempt  has  been  made  to  control  defi- 
nitely the  color  of  this  precipitate,  as  the  sodimn  uranate  has  always 
been  converted  into  oxide  for  final  sale.  In  addition,  the  sodium 
uranate  has  always  carried  vanadiimi,  as  precipitation  of  the  uranate 
in  the  presence  of  vanadium  has  so  far  always  caused  the  precipitate 
to  contain  at  least  7  or  8  per  cent  of  V3O5.  Consequently,  it  is  gen- 
erally necessary  to  remove  the  vanadimn  from  the  sodium  uranate 
before  it  can  be  sold  as  such.  Some  early  experimental  work  showed 
that  redissolving  with  sulphuric  acid  and  reprecipitating  with  sodium 
hydroxide  would  be  necessary  three  or  four  times  before  the  va- 
nadium could  be  reduced  to  less  than  1  per  cent.  This  method  of 
refining,  therefore,  could  not  be  used  commercially,  and  it  became 
necessary  to  find  some  other  cheaper  and  more  efficient  process. 
Such  a  process  is  described  in  subsequent  pages. 

TBEATMENT  OF  VANADIUX  SOLUTION. 

The  hot  solution  from  the  sodium  uranate  is  completely  neutral- 
ized with  nitric  acid,  air  being  blown  into  the  Uquid  in  order  to  elim- 
inate the  carbon  dioxide.  Ferrous  sulphate  is  then  added,  the 
hquid  being  continually  agitated,  and  the  precipitate  of  iron  vana^ 
date  is  filtered  and  washed. 

The  grade  of  the  precipitate  depends  largely  on  the  final  acidity  of 
the  solution.     If  the  solution  is  slightly  acid,  a  high-grade  precipi- 
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tate  carrying  40  or  42  per  cent  VjOs  may  be  obtained.  On  the  other 
hand,  some  of  the  vanadium  is  not  precipitated  and  is  therefore 
lost.  If  the  solution  is  perfectly  neutral  after  the  addition  of  the 
ferrous  sulphate,  a  lower  grade  product  is  obtamed,  carrying  30  to 
33  per  cent  V2O5,  but  all  of  the  vanadium  is  precipitated.  It  is  ad- 
visable not  to  boil  the  solution  after  the  addition  of  the  ferrous  sul- 
phate, although  the  solution  shoidd  be  hot  at  the  time  of  this  ad- 
dition. 

TBEATMENT  OF  SODITTIC  NITBATE  SOLUnON. 

The  filtrate  from  the  iron  vanadate  is  ahnost  wholly  a  solution  of 
sodium  nitrate,  the  main  impurity  being  a  moderate  amount  of 
sodium  sulphate.  The  solution  is  evaporated  in  iron  tanks  heated 
by  steam  under  pressure.  Air  from  a  compressor  is  blown  into  the 
solution  and  evaporation  is  rapid.  As  soon  as  the  solution  is  con- 
centrated enough  it  is  run  into  steel  crystallizing  pans  where  it  crys- 
tallizes. After  draining  on  draining  boards  the  crystals  are  collected 
without  further  treatment  and  employed  to  make  fresh  nitric  acid 
for  use  in  the  plant.  As  the  losses  of  sodium  nitrate  are  not  great, 
the  actual  results  have  been  to  reduce  the  cost  of  the  nitric  acid  below 
the  purchase  price  of  hydrochloric  acid  of  the  same  acidity. 

BECOVEBIES  MADE  BY  BTTBEAIT'S  PROCESS. 

The  extraction  and  recovery  of  the  radium  have  been  excellent 
even  from  the  start,  an  extraction  of  more  than  90  per  cent  having 
been  attained  with  many  carloads  of  ore.  The  extraction  of  the 
uranium  is  also  practically  complete,  but  a  considerable  part  of  the 
vanadium  is  left  in  the  ore.  In  fact,  the  presence  of  much  vanadium 
in  the  ore  is  a  disadvantage,  as  in  the  leaching  pot  the  vanadium  has  a 
tendency  to  separate  out  as  vanadic  acid,  which  retards  filtration 
considerably,  and  tends  to  reduce  the  extraction  of  the  radium. 
Recovery  of  a  few  per  cent  more  of  the  radium  content  more  than 
compensates  for  a  loss  of  50  per  cent  of  the  vanadium,  and  if  both 
can  not  be  recovered,  preference  must  be  given  the  radium.  The 
vanadium  in  the  camotite  goes  into  solution  readily,  but  roscoelite 
and  other  vanadimn  minerals  present  are  decomposed  with  much 
difficulty,  and  it  is  not  possible  on  a  commercial  scale  to  extract  all 
of  the  vanadium  in  the  ore,  although  complete  extraction  can  be 
attained  in  the  laboratory  if  enough  acid  is  used. 

GENERAL  DESCRIPTION  OF  DENVER  PLANT  AND  EQUIPMENT. 

When  the  plant  of  the  National  Radium  Institute  was  projected, 
it  was  to  be  entirely  experimental.  At  the  same  time,  plans  were 
made  to  build  and  equip  it  so  that  if  the  experimental  work  were 
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successful,  operation  on  a  commercial  basis  would  be  possible  by 
enlarging  the  plant  or  by  using  it  as  built.  Therefore,  it  was  necessary 
to  design,  erect,  and  equip  a  building  that  could  be  used  permanently 
on  a  commercial  scale,  and  yet  to  keep  the  cost  down  so  that  if  the 
experimental  work  were  a  failure  the  loss  would  be  as  low  as  possible. 
For  this  reason,  some  equipment  was  not  put  into  the  plant  that 
would  have  made  the  original  work  a  little  more  efficient  if  the 
initial  investment  had  been  a  little  larger. 

After  the  experimental  work  had  proved  successful,  the  officials 
of  the  National  Radium  Institute  decided  that  they  wished  the 
radium  delivered  more  rapidly  than  was  possible  with  the  original 
small  plant  (PI.  I,  A),  Consequently,  an  additional  plant  (PI.  I,  B) 
was  built  adjoining  the  first  one.  Both  were  equipped  as  a  separate 
unit  so  that  they  could  be  run  separately  or  at  the  same  time.  For 
convenience  of  description,  these  plants  are  mentioned  in  this  report 
as  the  '' first ^'  plant  and  the  '^ second"  plant. 

Refining  of  the  radium  concentrate  is  done  in  a  separate  building, 
usually  termed  the  ''sulphate  building.'' 

During  the  first  six  months  of  work,  nitric  acid  was  purchased, 
but  the  sodium  nitrate  was  recovered  and  stored.  In  December, 
1914,  and  January,  1916,  a  nitric  acid  plant  was  erected,  and  since 
then  the  institute  has  made  its  own  nitric  acid,  from  the  recovered 
sodium  nitrate. 

All  the  buildings  of  the  plant  proper  are  of  frame  construction, 
with  an  outer  covering  of  galvanized  iron  painted  on  the  inside 
with  one  coat  of  graphite  paint  to  protect  it  from  acid  fumes.  The 
roofs  of  the  buildings  are  of  elaterite. 

The  original  or  ''first"  plant  (PI.  I,  A)  is  80  feet  long,  45  feet  wide, 
21  feet  high  on  the  south,  sloping  to  18  feet  on  the  north.  Adjoining 
this  is  a  storeroom  (shown  at  extreme  left  of  Plate  I,  A)  with  doors 
opening  on  to  a  switch  that  runs  past  the  plant,  connecting  with  both 
the  Denver  &  Rio  Grande  and  the  Colorado  &  Southern  Raihoads. 
The  original  storeroom  was  only  one  story  high,  but  later  an  additional 
story  was  added,  as  well  as  a  small  grinding  and  sampling  plant, 
which  was  placed  in  a  room  built  into  one  corner  of  the  storeroom. 

The  "second"  plant  is  130  feet  long,  30  feet  wide,  and  24  feet  high 
on  the  north,  sloping  to  21  feet  on  the  south.  The  old  boiler  room 
was  turned  into  a  furnace  room  for  the  refining  of  the  uranimn,  and 
for  the  preliminary  treatment  of  the  radium-bariimi  sulphates.  A 
new  boiler  room  to  serve  both  plants  was  erected  at  the  same  time  as 
the  second  plant.  It  is  shown  at  the  right  of  Plate  I,  B;  a  plan  and 
sections  of  this  building  are  shown  in  Plato  II. 
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DESCBIPTZQN  OF  FIRST  PLANT. 

The  floor  plan  of  the  original  or  ^' first"  plant  is  shown  in  Plate  III 
and  the  plan  of  the  upper  landings  on  the  south  side  in  Plate  IV,  A, 
The  ore  and  acid  are  carried  to  the  upper  landing  by  means  of  the 
elevator  (see  PI.  Ill),  the  acid  being  transported  in  carboys.  The 
handling  of  the  acid  in  the  carboys  has  been  fairly  satisfactory,  but 
an  improvement  could  be  made  by  conveying  the  acid  in  glass  pipe 
lines  to  the  leaching  pots  {27 a^  ^7 J,  etc.,  PL  IV,  J.),  which  would 
partly  eliminate  the  handUng  of  the  acid  by  hand.  This  was  one 
of  the  changes  that  it  was  not  thought  necessary  to  make  under  the 
conditions. 

CONSTRUCTION  AND   OPERATION   OF  LEACHING   POTS. 

Each  of  the  earthenware  pots  in  which  the  leaching  is  done  has  a 
capacity  of  107  gallons.  Originally  each  was  set  in  an  iron  container 
holding  oil  that  was  heated  with  a  steam  coil.  It  was  thought  that 
some  external  method  of  heating  would  be  necessary  in  order  to 
quickly  raise  the  temperature  of  the  acid  to  the  desired  temperature 
and  to  maintain  it  at  this  temperature  during  the  period  of  heating. 
The  results  were  not  satisfactory,  as  many  of  the  leaching  vessels 
cracked,  probably  from  somewhat  uneven  heating  and  the  strains  to 
which  they  were  subjected  by  the  packing.  During  the  early  stages 
of  the  work,  in  addition  to  the  heating  by  the  oil  bath,  live  steam  was 
run  into  the  acid  through  glass  tubes  connected  with  a  pipe  leading 
from  a  large  baflfle  (£0,  Pis.  Ill  and  V)  that  served  to  eliminate,  as 
much  as  possible,  impurities  from  the  steam.  Experience  showed 
that  the  acid  could  be  heated  rapidly  enough  with  Hve  steam  alone, 
and  therefore  the  oil  bath  was  discarded  and  sand  was  substituted. 
The  results  obtained  were  an  improvement,  not  so  many  of  the 
leaching  vessels  breaking,  and  the  acid  being  heated  at  a  satisfactory 
rate.  With  a  view  to  getting  still  bettor  results,  cement  jackets 
were  finally  tried,  and  two  or  three  experimental  pots  were  set  in 
concrete.  The  results  were  so  good  that  sand  packing  has  been 
discarded.  The  breakage  has  been  small  and  the  cement  jackets  have 
proved  satisfactory  in  every  way. 

The  leaching  pots  are  partly  covered  with  wooden  covers,  each 
of  which  has  a  wooden  flue  leading  to  a  main  flue  that  goes  through 
the  roof  (see  PI.  IX,  -B,  p.  46).  A  small  steam  pipe  is  placed  in  the 
main  flue  so  that  a  jet  of  steam  can  be  admitted  when  desired.  By 
this  means,  practically  all  of  the  fumes  from  the  acid  can  be  removed 
without  any  trouble.  The  wooden  covers  of  the  pots  and  the  wooden 
flues  are  coated  with  graphite  paint,  which  makes  a  good  protective 
agent.    Stirring  is  done  by  hand  with  wooden  paddles  (PL  IX,  -B), 
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as  it  is  almost  impossible  to  install  meohanical  stirrers  that  would  be 
satisfactory  under  the  conditions. 

During  the  period  of  leaching  the  spouts  oi  the  leaching  pots  are 
closed  with  rubber  stoppers  fastened  to  cast-iron  plates  attached  by 
sleeves  and  set  screws  to  horizontal  rods,  which  are  turned  by  levers 
inserted  through  the  floor  of  the  upper  landing  (fig.  1).  The  stoppeis 
can  be  removed  from  the  spouts  or  replaced  by  means  of  these  levers, 
which  are  worked  from  the  upper  landing,  so  that  all  danger  from 
the  splashing  of  hot  acid  during  the  dumping  of  a  pot  is  eliminated. 
Such  splashing,  however,* can  be  reduced  to  a  minimum  by  inserting 
a  wooden  plug  at  the  end  of  a  handle  in  the  upper  part  of  the  outlet 
of  the  pot  before  the  stopper  is  removed.  When  the  stopper  is  taken 
out  and  the  acid  begins  to  nm  from  the  pot,  the  plug  is  sucked  into 
the  opening.  Raising  the  plug  when  necessary  permits  the  acid  to 
flow  onto  the  suction  filter  below  at  any  desired  rate. 

The  acid  wash  is  contained  in  a  small  wooden  tank  {36,  PI.  IV,  B). 
From  this  tank  it  runs  by  gravity  through  an  ordinary  acid-proof 
rubber  hose  to  the  leaching  pots  for  washing  the  ore. 

CONSTRUCTION   AND   OPERATION   OF   SUCTION   FILTERS. 

Plate  IV,  B,  showing  a  section  of  the  first  plant,  indicates  the 
arrangement  of  the  leaching  pots  {27aj  27hj  etc.)  and  of  the  suction 
filters  {28a,  28b,  etc.)  below.  These  filters  were  made  by  the  German- 
American  Stoneware  Works  Co.,  and  are  of  the  "Edda''  type  (see 
PI.  IX,  C,  and  fig.  1).  The  upper  part  of  each  filter  has  a  capacity 
of  105i  gallons,  as  has  the  lower  part.  Each  bottom  vent  has  a 
ground-in  bibcock,  and  the  upper  opening  is  connected  by  means 
of  about  6  feet  of  J-inch  pressure  rubber  tubing  with  -a  pipe  run- 
ning to  the  vacuum  pump.  This  pipe  first  connects  with  a  baffle 
{47,  Pis.  VI  and  VII),  which  protects  the  pump  itself.  This  baffle 
is  filled  with  vitrified  brick,  and  a  strong  solution  of  sodium  hydroxide 
constantly  circulates  through  it. 

Each  filter  is  set  on  a  small  truck  (see  PI.  IX,  C)  running  on  rails 
so  that  when  the  residue  is  to  be  removed  from  the  filter  the  truck 
can  be  pushed  or  pulled  from  underneath  the  leaching  vessels.  The 
filtering  medium  consists  of  an  asbestos  filter  cloth  covered  with  1 
inch  of  coarse  sand  over  which  there  are  several  strips  of  wood. 
These  strips  are  held  down  by  three  or  four  bricks  suitably  placed. 

The  suction  filters  have  Usted  even  better  than  the  leaching  pots. 
Before  the  hot  acid  is  dumped,  a  small  piece  of  steam  hose  connected 
with  a  steam  line  is  pushed  up  through  the  bibcock  of  each  filter 
so  that  the  lower  part  is  slowly  steamed  and  the  temperature  raised 
gradually.  Another  similar  piece  of  hose,  connecting  with  a  second 
steam  Une,  is  pushed  down  into  the  upper  part  of  each  filter  and  the 
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whole  covered  by  any  suitable  mateiial  as  oilcloth  or  sacking.  In 
this  manner,  the  upper  part  of  the  filter  is  abo  steamed  and  the 
temperature  gradually  raised  before  the  hot  acid  is  dumped.  With 
these  precautions,  few  breaks  have  occurred.  The  acid  from  the 
suction  filters  flows  through  a  horizontal,  acid-proof  earthenware  line 
which  dips  sUghtly  toward  the  radium  precipitating  tank,  and  has  an 
opening  below  the  bibcock  of  each  suction  filter. 

•  PRECrPITATlNQ  TANKS. 

The  precipitating  tanks  (Pis.  Ill  and  VII)  are  all  of  2-inch  Calif  omia 
redwood,  which  has  satisfactorily  withstood  the  action  of  acid»  and 
of  weak  alkaUes.  The  radium  precipitating  tank  in  the  first  plant, 
at  the  time  of  writing  (September,  1915)  has  been  in  use  15  months, 
and  is  still  in  fair  condition,  although  it  has  been  subjected  daily  to 
the  action  of  warm  dilute  nitric  acid.  Those  tanks  in  which  solutions 
are  boiled  have  a  wooden  cover,  with  a  wooden  flue  12  inches  square 
that  extends  up  through  the  roof,  so  that  little  steam  escapes  within 
the  plant. 

The  bottom  part  of  each  settling  tank  is  conical,  although  the  vertical 
staves,  which  constitute  the  outside  of  the  tanks,  extend  the  entire 
length.  In  other  words,  these  tanks  are  ordinary  8 J  by  5  redwood 
tanks  with  a  cone  inserted  in  the  bottom,  and  can  be  supported 
from  below  instead  of  being  suspended. 

There  was  considerable  difficulty  in  getting  these  tanks  tight. 
Ordinarily,  wooden  tanks  are  built  to  hold  water  and  any  snoiall 
leaks  are  closed  by  the  sweUing  of  the  wood.  When  acid  solutions 
are  poured  into  wooden  tanks,  the  wood  tends  to  contract,  rather 
than  to  swcU,  so  that  acid  tanks  must  be  set  up  differently.  The 
staves  must  be  properly  machined  and  aU  joints  made  jrith  special  care, 
extra  lugs  must  be  used,  and  the  use  between  the  staves  of  a  rubber 
cement  is  advisable.  A  tank  must  be  absolutely  tight  when  liquid  is 
first  put  in.  However,  if  these  precautions  are  taken,  a  tank  can  be 
kept  tight  without  serious  trouble,  an  occasional  tightening  of  the  lugs 
or  a  Uttle  calking  being  all  that  is  required.  Oval  holes  were  cut 
in  the  lower  part  of  the  tanks  large  enough  to  allow  a  workman  to 
crawl  in  and  thus  get  at  the  lugs  holding  the  conical  part  of  the  tank 
(see  PL  X,  A,  p.  50).  The  lugs  and,  indeed,  the  whole  exterior  of  the 
tanks  should  be  kept  covered  with  graphite  paint.  The  other  tanks 
were  put  up  with  a  thin  coating  of  white  lead  between  the  staves. 

It  has  been  found  convenient  to  run  the  sodium  carbonate  into  the 
tanks  by  bringing  it  on  a  small  truck  by  means  of  the  elevator  (PI. 
IV,  A)  to  the  third  landing,  and  then  letting  it  fall  into  the  tank 
below  through  a  wooden  chute  8  inches  square. 
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STEAM-HEATING  DEVICES. 

Each  tank  in  wliich  solutions  are  boiled  contains  a  grid  composed 
of  li-rnch  Byers  pipe  with  cast-iron  fittings,  the  extent  of  heating 
surface  in  the  different  tanks  depending,  of  course,  on  the  object  to 
be  attained.  In  the  larger  tanks  (10  to  12  feet  in  diameter)  in  which 
liquids  are  heated  without  being  evaporated,  12  lengths  6  feet  long 
have  been  found  sufficient.  In  the  nitrate  storage  tanks,  where  a 
certain  amotmt  of  evaporation  is  desired,  the  heating  surface  is  nearly 
twice  that  for  the  larger  ^anks.  The  steam  flowing  to  these  grids 
passes  through  a  large  baffle  (20,  Pis.  V,  VI,  and  VII)  filled  with  vitri- 
fied brick,  which  eliminate  impurities  carried  from  the  boiler.  As  the 
grids  are  also  connected  with  suitable  traps,  a  constant  supply  of 
distilled  water  is  obtained  and  stored  in  a  large  iron  tank  (8,  Pis.  V, 
VT,  and  VII).  From  this  tank  distilled  water  is  piped  to  the  third 
landing  to  a  point  near  the  leaching  pots,  and  by  means  of  compressed 
air  the  water  is  elevated  to  this  point  whenever  desired.  As  it  is 
usually  hot  considerably  less  steam  is  needed  in  connection  with 
leaching  than  if  the  water  were  cold.  Exhaust  steam  is  used  for 
preliminary  evaporation  of  the  nitrate  solutions. 

FILTER  PRESSES. 

The  filter  presses  used  in  the  first  plant  are  of  the  Shriver  two-eyed 
"washing"  type.  The  two  larger  presses  (SSa,  SSh,  PI.  IV)  contain 
30  plates,  each  24  by  24  inches.  The  smaller  presses  (SSc,  PI.  IV,  and 
33dy  PI.  V)  contain  21  plates  each,  18  by  18  inches.  The  iron  precip- 
itate press  (SSa,  PI.  IV)  is  filled  twice  during  the  day's  nm,  so  that  if 
one  desired  to  empty  this  press  only  once  a  day,  its  capacity  would 
have  to  be  doubled.  The  small  presses  take  care  of  the  uranium  and 
vanadium  at  one  operation.  Besides  being  connected  with  the  tanks, 
the  presses  are  piped  for  both  water  and  compressed  air.  The  pumps 
(16  to  19y  PI.  Ill)  connected  with  these  presses  are  of  the  brass-lined, 
double-acting  Worthington  type. 

ACII>  CONVEYORS. 

The  acid  from  the  radium  precipitating  tank  is  elevated  to  the 
settling  tanks  by  means  of  a  centrifugal  pump  through  2-inch  acid 
rubber  hose.  The  parts  of  the  pump  that  come  in  contact  with  the 
liquid  are  made  of  duriron,  and  have  resisted  the  acid  excellently,  as 
has  the  rubber  hose,  which  is  lined  with  pure  gum.  The  acid  is 
transferred  to  any  desired  settling  tank  by  running  it  through  the 
hose  into  a  wooden  flume  connecting  the  different  tanks. 
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FliOATINO  SIPHON. 

The  floating  siphon  (PI.  X,  B,  p.  50)  consists  of  a  square  wooden 
frame  through  the  center  of  which  a  l^-inch  acid  hose  extends  about 
18  inches,  or  any  other  desired  length.  The  frame  is  built  so  that  it 
settles  in  the  tank  until  at  a  certain  point  it  rests  on  the  sloping  sides 
of  the  cone.  The  length  of  hose  going  through  the  frame  is  long 
enough  to  siphon  off  the  clear  liquid  above  but  not  to  disturb  the 
radium-barium  sulphate  precipitate.  The  other  end  of  the  hose  is 
connected  with  a  l^-inch  piece  of  glass  tubing  6  feet  long,  from 
which  another  piece  of  the  same  type  of  hose  runs  into  the  tank.  An 
earthenware  stopcock  is  inserted  at  a  convenient  point  near  the  glass 
tube,  and  is  held  by  a  chock  so  that  the  cock  can  be  turned  but  can  not 
be  forced  out  by  the  pressure  of  the  liquid.  In  this  way  the  flow  of 
the  liquid  can  easily  be  controlled,  and  at  the  same  time  the  Uquid 
can  be  examined  as  it  runs  through  the  glass  tube.  As  long  as  it  is 
not  turbid  it  is  free  from  radium-barium  sulphate  precipitate.  If 
the  workmen,  in  occasional  inspection  of  the  tube,  note  any  turbidity 
they  can  shut  off  the  siphon  and  thus  eliminate  radium  losses.  In 
running  the  acid  Hquid  into  the  carbonate  tank,  any  convenient  form 
of  spreader  can  be  used  to  prevent  much  acid  striking  the  carbonate 
solution  at  any  one  point  and  thus  reducing  too  much  the  alkalinity 
of  the  Uquid  at  that  point. 

MISCELLANEOUS   FEATURES. 

After  the  clear  hquid  has  been  siphoned  off,  the  radium-bariimi 
sulphate  with  the  remaining  hquor  is  introduced  onto  earthenware 
suction  filters,  which  are  placed  below  the  settling  tanks.  As  men- 
tioned previously,  these  filters  are  also  of  the  Edda  type,  the  upper 
and  lower  parts  each  holding  52J  gallons  of  Uquid.  They  are  placed 
on  small  trucks  running  on  tracks,  so  that  they  can  be  puUed  from 
imdemeath  the  settling  tanks  and  the  radiuxn-barium  sulphate  easily 
removed  (PI.  X,  A). 

A  compressor  deUvering  about  300  cubic  feet  per  minute  was 
originally  situated  on  the  north  side  of  the  plant  {21,  PI.  III).  When 
the  second  plant  was  built,  however,  tlus  compressor  was  removed 
and  a  larger  one  {65,  PL  II)  was  placed  in  the  boiler  house  and  now 
serves  both  plants. 

The  mechanical  stirrers  in  the  different  tanks  are  belt  driven,  one 
motor  driving  the  stirrers  in  tanks  1  and  2  (PI.  Ill,  and  PI.  IV,  B), 
and  another  one  driving  those  in  tanks  3  and  4-  The  Uquids  in  tanks 
6,  6,  and  7  are  agitated  by  compressed  air,  as  the  weight  of  the  pre- 
cipitates is  not  large  and  the  time  of  agitation  is  not  long.  Tlie 
stirrers  in  tanks  1  and  2  are  of  wood  and  have  two  blades  revolving 
8  inches  and  18  inches  above  the  bottom  of  the  tank,  and  the  stirrers 
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in  tanks  3  and  4  *^re  of  iron,  and  each  has  one  blade  revolving  just 
below  the  heating  coil  and  a  second  blade  about  6  inches  above  the 
heating  coil. 

DESCRIPTION  OF  SECOND  PLANT. 

The  general  arrangement  of  the  second  plant  is  similar  to  that  of 
the  first,  but  as  the  building  had  to  be  of  a  different  shape,  some 
changes  were  made,  as  well  as  some  improvements. 

Instead  of  using  Shriver  presses,  three  25-iQch,  lever-operated, 
clam-shell  Sweetland  filter  presses  (PI.  VIII)  were  installed.  Each 
one  of  these  has  130  square  feet  of  filtering  surface.  One  takes  care 
of  the  iron  precipitate  from  the  sodium  carbonate  tank,  the  other 
handles  the  uranium,  and  the  third  the  vanadium.  As  the  total 
capacity  of  the  last  two  presses  is  larger  than  is  required  by  the  one 
plant,  the  uranium  and  vanadium  from  both  plants  are  now  filtered 
through  these  presses,  the  solutions  carrying  the  precipitated  uranium 
and  vanadium  in  the  old  plant  being  pumped  into  the  corresponding 
tanks  in  the  new.  These  presses  are  piped  for  water,  compressed 
air  (on  both  sides  of  the  cloths),  vacuum,  and  steam.  It  has  been 
found  difficult  to  get  the  cakes  from  the  presses  sufliciently  dry  to  be 
dumped  easily  without  the  use  of  compressed  air. 

The  filtrates  from  the  iron  and  uranium  precipitates  go  directly 
from  the  pumps  into  elevated  tanks  (51,  PI.  VII).  From  these  the 
iron  filtrates  are  run  by  gravity  into  the  uranium-precipitating  tank 
{6,  Pis.  Ill,  VI,  and  VII),  and  the  uranium  filtrates  into  the  vanadium 
tanks  (7,  Pis.  Ill,  VI,  and  VII,  and  39,  PI.  V). 

The  stirrers  in  the  new  plant  are  driven  by  worm  gears  instead  of 
belts.  The  stirrer  in  the  radium-precipitating  tank  under  load 
makes  44  revolutions  per  minute  and  that  in  the  sodium  carbonate 
tank  makes  16  revolutions  per  minute.  Each  stirrer  is  driven  by  a 
2-horsepower  motor.  The  duriron  centrifugal  pump  used  for  ele- 
vating the  liquid  from  the  radium-precipitating  tank  is  the  same  size 
as  was  used  in  the  first  plant;  it  is  run  at  2,000  revolutions  per  min- 
ute and  is  belt-driven  from  a  5-horsepower  motor. 

The  sodium  hydroxide,  which  is  used  for  partial  neutralization  of 
the  acid  in  the  radium  precipitating  tank,  and  also  for  precipitating 
the  uranium,  is  made  up  in  a  steel  tank  (45,  PI.  VII),  placed  on  an 
exterior  platform  connecting  the  new  plant  and  the  boiler  house. 
The  sodium  hydroxide  in  the  iron  drum  is  broken  with  a  sledge 
hammer,  and  dumped  into  this  tank,  the  solution  being  agitated 
with  compressed  air.  It  is  advisable  to  use  comparatively  Uttle  hot 
water  until  aU  of  the  sodium  hydroxide  has  been  dissolved  and  the 
solution  has  cooled  somewhat,  when  it  can  be  diluted.  The  solution 
is  then  run  by  gravity  through  a  pipe  into  a  large  steel  storage  tank 
(45,  Pis.  VI  and  VII),  from  which  it  can  be  transferred  by  means  of 
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compressed  air  to  the  measiirmg  tanks  (50,  Pis.  IV  and  VTI),  situated 
on  the  upper  landing  in  each  plant.  By  means  of  a  float  attached  to 
a  cord  terminating  in  a  weight,  which  rises  and  falls  over  a  graduated 
scale,  the  amoimt  of  hquid  taken  from  these  tanks  can  be  determined. 
From  each  of  these  measming  tanks  pipes  run  to  the  radium  pre- 
cipitating tank  and  to  the  uranium  tank  in  each  plant. 

The  system  for  obtaining  distilled  water  for  the  new  plant  is  the 
same  as  that  in  the  old,  the  distilled  water  reservoir  (5,  Pis.  VT 
and  VII)  being  correspondingly  larger. 

STTLFHATE  BTTILDINQ-  AND  EQUIPMENT. 

The  small  building  in  which  the  radium  barium  sulphates  receive 
preliminary  treatment  and  fractionation  (figs.  2  and  3)  is  situated 
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FiouBE  2.— Plan  of  sulphate  building.  67,  condenser;  £8,  distilled-water  reservoir;  59^  baffle;  00,  experi- 
mental pressure  apparatus;  61,  earthenware  suction  filter;  es,  silica-lined  fractionating  pot;  6S,  dis- 
solving pot;  6^,  suction  filter;  66,  66a,  etc.,  steam-jacketed  fractionating  vessels;  96,  ball  mills. 

just  behind  the  first  plant.  The  arrangement  as  shown  in  the  plan 
(fig.  2)  is  not  exactly  the  arrangement  that  actually  existed  at  the 
time  of  writing  (September,  1915)  because  the  silica-lined,  acid- 
proof  kettles  ordered  in  France  had  not  arrived;  the  arrangement  used 
was  more  or  less  tentative.  The  plan  shows  the  arrangement  as  it 
will  be  when  completed. 
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In  order  to  crystallize  radimn-bariuin  salts  from  acid  liquors,  it 
is,  of  course,  necessary  to  a  certain  extent  to  evaporate  the  solutions, 
in  order  to  get  the  concentration  necessary  for  proper  crystallization. 


SECTION     J\rA. 


Scale  in  feet 


I   I  I 


0       2        4        6       8 


SECTION    B-B 


FiQUBE  3. — Sections  of  sulphate  bufldlng. 


This  might  be  done  in  earthenware  vessels,  provided  a  satisfactory 
and  efficient  method  of  heating  could  be  obtained.     Copper  or  silver 
steam  coils  might  be  used,  but  both  of  these  metals  are  gradually . 
attacked  by  concentrated  hydrochloric  acid,  and  in  addition  there 
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would  be  a  tendency  for  crystals  to  form  around  the  coils.  Breaking 
these  crystals  away  would  tend  to  damage  the  coils,  and  it  would  be 
inconvenient  to  handle  the  crystals  under  such  conditions.  Any 
exterior  means  of  heating,  such  as  steam,  boiling  water,  or  hot  oil, 
would  involve  too  great  a  risk  of  breakage  of  containers  and  loss  of 
valuable  solutions.  Large  silica  or  porcelain  basins  have  been  used, 
and  when  the  table  below  them  is  covered  with  sheet  copper  bent 
up  at  the  sides  and  ends  and  brazed,  so  as  to  make  a  shallow  vessel, 
such  dishes  can  be  used  with  reasonable  safety.  Their  capacity, 
however,  is  too  small  for  handhng  the  quantities  of  material  required 
at  the  plant  of  the  National  Radium  Institute;  therefore,  it  became 
necessary  either  to  have  larger  vessels  that  would  stand  the  action 
of  boiling  concentrated  hydrochloric  acid,  or  eke  to  crystallize  in 
neutral  solutions.  As  crystallization  in  acid  is  much  more  rapid  and 
efficient,  the  former  method  is  much  to  be  preferred. 

A  silica-lined,  acid-proof  ware  made  by  Danto-Rogeat  &  Co.,  of 
Lyons,  France,  is  exceedingly  satisfactory.  No  other  ware  obtained 
either  in  this  or  any  other  coimtry  gave  satisfactory  results.  In 
fact,  most  of  the  so-called  "acid-proof  ware"  failed  absolutely  to 
withstand  the  acid.  The  institute  was  able  to  procure  a  number  of 
smaU-size  vessels  from  Danto-Rogeat  &  Co.,  and  also,  through  the 
courtesy  of  the  Welsbach  Co.,  of  Gloucester,  N.  J.,  to  obtain  one 
250-litor  steam  evaporator  made  by  the  same  concern.  Owing  to 
the  European  war,  Danto-Rogeat  &  Co.  were  imable  to  supply  any 
large-size  vessels,  as  they  had  none  in  stock  and  their  factory  was 
closed.  In  September,  1915,  they  were  about  to  start  operations 
again,  and  an  order  for  a  number  of  steam  evaporators  has  been 
placed  for  the  purpose  of  equipping  the  plant  as  indicated  in  figures 
2  and  3. 

Distilled  water  is  obtained  for  this  part  of  the  work  by  passing  livo 
steam  through  baffle  59  (fig.  2),  and  thence  through  a  1-inch  block- 
tin  coil  contained  in  condenser  57,  which  consists  of  an  ordinary 
wooden  tank  with  the  necessary  inlet  and  outlet  for  a  water  flow. 
The  block-tin  pipe  runs  into  earthenware  distiQed-water  reservoir  68 , 
which  has  a  capacity  of  107  gallons,  and  the  water  is  piped  to  any 
part  of  the  buUding  desired. 

In  the  sulphate  building  are  the  office  and  a  smaU  chemical  labora- 
tory, which  is  used  mainly  for  qualitative  determinations,  titration 
of  acids,  etc.,  or  any  chemical  work  in  which  a  quick  result  is  desired. 
The  main  chemical  control  work  and  radiimi  measurements,  as  weU 
as  the  final  refining  of  the  radium,  has  been  done  in  the  laboratories 
of  the  Bureau  of  Mines.  There  is  also  a  small  storeroom,  built  of 
reinforced  concrete  with  a  steel  door,  in  which  the  radium-barium 
sulphates  and  other  valuable  material  can  bo  stored,  so  as  to  elimi- 
nate fire  risk.     The  building  also  contains  a  small  double  ball  mill, 
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66,  motor  driven,  for  grinding  the  sidphates  and  mixing  them  with 
charcoal  for  later  reduction  in  an  oil  furnace. 

POWER  HOT7SE. 

The  90-horsepower  Kewanee  locomotive-type  boiler,  used  for  the 
first  plant  alone,  was  purchased  when  the  plant  w^as  on  the  experi- 
mental basis.  When  it  was  decided  to  build  the  second  plant  and 
continue  work  during  the  full  period  covered  by  the  agreement  with 
the  Bureau  of  Mines,  an  additional  150-horsepowor  tubular  Kewanee 
boiler  was  installed.  The  boiler  house  (PL  II)  is  of  brick,  with  con- 
crete floor,  a  brick-and-iron  partition  separating  the  boilers  from  the 
compressor  and  pumps.  The  coal  bin  wiU  readily  hold  about  2\  cars 
of  coal. 

The  compressor  (55,  PI.  II)  is  16  by  18  inches,  capable  of  140  rev- 
olutions per  minute,  and  delivers  about  660  cubic  feet  per  minute  at 
40  pounds.  The  main  vacuum  pump  64,  a  10  by  20  inch  Rotrex 
pimip,  belt  driven,  is  connected  with  the  suction  filters  used  for 
leaching  in  both  plants,  and,  with  all  pots  connected,  will  give  a 
vacuum  of  20  to  22  inches  of  mercury.  It  is  protected  by  means 
of  a  baffle,  ^7,  fiUed  with  brick,  over  which  a  strong  solution  of 
caustic  soda  slowly  circulates.  The  small  pump  54a  was  the  one 
originally  used  in  the  first  plant,  and  was  transferred  to  the  power- 
house when  the  second  plant  was  built.  It  is  a  No.  3  Nash  vacuum 
pimip;  is  chain  driven,  and  will  give  a  vacuum  of  15  to  17  inches 
of  mercury.  It  is  connected  with  the  suction  filters  under  the  settling 
tanks  and  also  with  the  sulphate  building,  and  is  protected  by  a  baffle 
{48,  Pis.  VI  and  VII). 

Between  the  sulphate  building  and  the  extension  of  the  new  plant, 
is  a  small  building  with  concrete  floor  and  concrete  walls  for  the 
storage  of  sodium  nitrate.  This  building  is  connected  by  means  of  a 
belt  elevator  (PL  XII,  p.  60)  with  the  bin  in  which  the  sodium 
nitrate  is  bedded  and  sampled,  and  from  thence  the  nitrate  is  taken 
to  the  stills. 

EQT7IPMENT  FOB  SODIUM  NITBATE  BECOVEBY. 

The  sodiimi  nitrate  is  pumped  from  the  storage  tanks  {11  and  12, 
Pis.  m,  VI,  and  VII)  in  each  plant  by  means  of  a  Worthington 
pump,  4 J  by  2f  by  4  inches,  into  the  two  evaporators  {^3,  PI.  VI). 
These  are  made  of  |-inch  steel,  one  being  welded  and  the  other 
riveted,  each  being  6  feet  by  5  feet  by  24  inches,  with  a  slope  toward 
the  center.  Steam  is  used  for  evaporating,  each  tank  containing  a 
^rid  made  of  IJ-inch  Byers  pipe.  Compressed  air  is  used  to  hasten 
evaporation.  The  tanks  are  elevated  so  that  the  solutions  can  nm 
by  gravity  into  the  crystallizing  pans  (44;  R-  VI,  and  PI.  XI,  A), 
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which  are  made  of  J-inch  steel.  Each  pan  is  10  feet  long  by  5  feet 
wide,  8}  inches  deep  at  one  end  and  12  inches  at  the  other,  sloping 
toward  the  deep  end  so  that  it  will  drain  readily.  The  pans  are  pro- 
tected by  a  wooden  roof  covered  with  elaterite. 

FX7BNACE  BOOM. 

When  the  second  plant  was  built,  the  original  boiler  house  was 
converted  into  a  furnace  room.  This  is  equipped  with  three  Case 
oil  fimiaces  (i?^,  2^,  25 j  PL  III),  the  blast  being  furnished  by  fans 
driven  by  1-horsepower  motors.  The  oil  is  supphed  imder  pressure 
from  a  tank  outside  the  building.  The  furnaces  were  specially  built, 
two  of  them  {24  and  25)  holding  cast-steel  pots  18  inches  high  by  16  J 
inches  wide  and  three-fourths  of  an  inch  thick  (PI.  XI,  B,  p.  68). 
The  other  {23),  a  little  larger  in  size,  holds  three  No.  100  graphite 
crucibles,  and  is  used  in  the  reduction  of  the  radium-barium  sulphate. 
In  the  same  room  is  a  small  ball  mill  {26,  PL  III),  2  feet  10  inches  by 
2  feet  6  inches,  in  which  the  sodium  uranate  is  ground,  either  alone 
or  with  any  other  material  that  is  desired  in  its  treatment. 

DETAILED  DESCRIPTION  OF  OPERATIONS. 

liEACHINa. 

HANDLING   OF  NITRIC   ACID. 

The  nitric  acid  is  handled  in  carboys,  and  was  originally  weighed  on 
scales  at  the  foot  of  the  elevator  close  to  the  sampling  room.  Since  the 
completion  of  the  acid  plant  (Pis.  XII  and  IX,  A)  it  has  been  weighed 
as  drawn  from  the  storage  pots.  With  the  weighed  ore  it  is  carried 
by  means  of  the  elevator  to  the  upper  landing  of  the  first  plant,  from 
which  there  is  a  connection  to  the  upper  landing  of  the  new  plant,  so 
that  the  same  elevator  serves  both  plants. 

The  spout  of  each  leaching  pot  (fig.  1)  is  filled  with  freshly  washed 
sand  in  order  to  protect  the  rubber  stopper,  and  the  acid  is  then 
dumped  from  the  carboys  into  the  leaching  pots  (PL  IX,  B),  each  of 
which  contains  sufiicient  distilled  water  so  that  when  the  pot  has 
been  filled  it  contains  121  pounds  of  100  per  cent  nitric  acid  diluted 
to  38  per  cent  strength.  Each  day  the  foreman  in  charge  of  this  work 
receives  a  shp  indicating  the  weight  of  acid  to  be  weighed  for  each 
pot  and  the  volume  of  distilled  water  to  be  added. 

HEATING   NITRIC    ACID. 

Live  steam  is  nm  into  the  acid  through  a  ^-inch  glass  tube  con- 
nected by  rubber  tubing  with  a  steam  line.    The  steam  in  the  line 

is  passed  through  a  baffle  so  as  to  eliminate  impurities,  and  contains 
only  traces  of  sulphates.    As  the  distilled  water  is  usually  hot  the 
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time  of  heating  is  not  long,  but  steam  is  run  in  until  the  temperature 
of  the  acid  is  at  least  85°  C. 

The  ore,  ground  to  20  mesh,  is  slowly  added  to  each  pot,  the  ore 
sacks  resting  on  the  wooden  coverings  (PL  IX,  B)  on  the  pots,  and  the 
workmen  using  wooden  paddles  (PI.  IX,  B)  to  stir  the  acid  as  the 
ore  enters.  Frequently  calcium  carbonate  in  the  ore  causes  eflFer- 
vescence,  and  care  has  to  be  taken  that  the  ore  is  not  added  so 
rapidly  that  frothing  makes  the  acid  overflow.  Five  workmen  and  a 
foreman  can  handle  the  14  pots  that  are  in  the  two  plants  and  do  all 
the  necessary  work  connected  with  this  part  of  the  process.  The 
heat  of  solution  makes  the  temperature  of  the  acid  gradually  rise 
during  the  addition  of  the  ore,  the  temperature  finally  reaching  91®  or 
92®  C.  The  addition  of  steam  continues  for  15  minutes  after  the  last 
of  the  ore  is  in,  the  workmen  stirring  the  diflFerent  pots  as  rapidly  as 
possible  during  this  heating. 

Nitric  acid  is  not  a  very  good  solvent  of  vanadium,  although  it 
readily  breaks  up  the  vanadium  minerals,  even  roscoeUte.  On  the 
other  hand,  if  too  much  vanadium  is  present,  there  is  a  tendency  for 
vanadic  acid  to  separate  out  in  the  acid  as  a  reddish-brown  pre- 
cipitate. As  this  is  rather  gummy  it  retards  filtration.  If  consider- 
able vanadiimi  separates  in  this  manner,  filtration  may  be  so  re- 
tarded that  the  acid  cools  down,  causing  a  considerable  loss  of  radium 
by  reprecipitation.  If  there  is  Uttle  or  no  separation  of  vanadium  in 
the  acid,  filtration  takes  place  readily  and  quickly,  and  the  extrac- 
tion of  the  radiimi  is  thereby  increased.  Therefore,  if  the  heating  is 
continued  with  the  object  of  decomposing  the  vanadium  minerals 
other  than  camotite,  there  is  hkely  to  be  a  loss  of  radium  that  will 
much  more  than  compensate  for  the  increased  yield  of  vanadium. 
Consequently,  it  is  much  better  not  to  continue  the  heating  too  long, 
but  to  make  the  extraction  of  the  radium  the  main  object.  The 
uranium  is  practically  all  dissolved  under  the  conditions  mentioned. 

USE   OF  HYDROCHLORIC   ACID. 

The  addition  of  a  smaU  amount  of  hydrochloric  acid  to  the  nitric 
acid  increases  the  solvent  action  on  the  radium.  Therefore,  if  the 
nitric  acid  does  not  contain  hydrochloric  acid,  enough  hydrochloric 
acid  is  added  to  make  the  proportion  of  concentrated  hydrochloric 
acid  to  100  per  cent  nitric  acid,  about  2.5  per  cent.  In  other  words, 
to  each  pot,  9  poxmds  of  28  per  cent  hydrochloric  acid,  the  strength 
of  the  acid  available  in  Denver,  is  added.  This  hydrochloric  acid,  of 
course,  appears  as  sodium  chloride  mixed  with  the  sodium  nitrate, 
and  the  nitric  acid  made  from  the  sodium  nitrate  contains  some 
hvdrochloric  acid. 
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When  heating  has  contmued  long  enough,  a  wooden  plug  on  the 
end  of  a  long  handle  is  inserted  into  the  pot  and  pushed  through  the 
ore  until  it  almost  completely  stops  the  inside  opening  of  the  spout. 
By  means  of  a  lever  (fig.  1)  the  rubber  stopper  is  then  removed  from 
the  lower  part  of  the  spout,  and  by  raising  the  plug  a  little  the  acid 
is  allowed  to  run  onto  the  upper  part  of  the  suction  filter  (PL  IX,  C) 
below.  In  this  manner,  the  flow  of  acid  can  be  readily  controlled, 
and  at  the  same  time  a  considerable  part  of  the  ore  is  retained  in  the 
leaching  pot  and  receives  the  benefits  of  the  acid  wash.  Thus,  this 
method  of  handling  the  material  has  partly  the  effect  of  decantation. 

USE    OF   ACID   WASH. 

An  acid  wash  that  has  been  prepared  and  heated  in  a  small  wooden 
tank,  of  which  there  is  one  in  both  plants  (see  36 j  Pis.  IV  and  VII), 
is  run  into  each  pot,  and  the  heating,  by  means  of  live  steam,  con- 
tinues. The  acid  flows  by  gravity  through  an  acid-proof  rubber 
hose,  and  each  pot  receives  an  acid  wash  of  about  170  pounds  of  10 
per  cent  nitric  acid.  When  the  acid  leach  on  the  suction  filters  has 
gone  through,  the  acid  wash,  with  the  remainder  of  the  ore,  is  dumped 
onto  the  filters  in  the  manner  described  above. 

WASHINGS   WITH   DISTILLED   WATER. 

When  this  material  has  completely  filtered,  the  ore  receives  two 
washes  of  hot  distilled  water  of  200  pounds  each.  Before  the  dis- 
tilled water  is  added,  however,  the  vacuum  is  broken  on  the  filters 
and  the  hquid  below,  which  consists  of  the  acid  and  acid  wash,  runs 
from  the  bib  cocks  with  which  each  filter  is  provided  and  flows 
through  an  earthenware  pipe,  which  connects  the  different  fil- 
ters, to  the  radium  precipitation  tank  (^  Pis.  Ill,  IV,  VI,  and  VII). 
This  tank  contains  5  or  6  inches  of  water  so  that  the  hot  acid  is 
diluted  enough  not  to  damage  the  tank  seriously.  When  the  dis- 
tilled water  washes  have  filtered  they  are  added  in  the  same  way  to 
the  acid  liquor.  Usually,  the  leaching  process  and  filtration  are 
complete  between  2  and  3  o'clock  in  the  afternoon.  While  the 
filtering  is  actually  imdor  way  the  workmen  are  weighing  out  the 
acid  and  ore  for  the  next  day's  run,  and  transporting  it  from  the  first 
floor  to  the  third,  so  that  leaching  on  the  next  day  can  begin  promptly. 
As  soon  as  filtration  is  complete  the  residue,  consisting  mainly  of 
silica,  is  shoveled  from  the  upper  parts  of  the  filters  into  a  small 
trolley,  which  runs  along  the  platform  on  which  the  filters  are  placed, 
and  hauled  to  the  dump. 

ADDITION    OF    SODIUM   HYDROXIDE. 

The  acid  solution  in  the  radium  precipitation  tank  (1,  Pis.  Ill,  IV, 
VI,  and  VII) ,  together  with  the  wash  water,  is  partly  neutralized  with 
sodium  hydroxide,  which  is  contained  in  smsJl  iron  reservoir  tanks 
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(SOy  Pb.  rV  and  VII) .  The  tanks  are  filled  as  needed  through  pipes 
from  the  main  sodium  hydroxide  reservoir  (45,  Pis.  VI  and  VII) ,  the 
liquid  being  propelled  by  means  of  compressed  air.  Sodium  hydroxide 
is  added  at  first  rapidly  and  then  slowly,  the  solution  being  stirred  all 
the  time.  After  a  certain  amount  of  the  sodium  hydroxide  has  been 
added  a  greenish  precipitate  appears  in  the  tank.  As  more  alkali 
is  added  this  precipitate  gets  heavy  and  finally  tends  to  turn  slightly 
brown.  At  this  stage  the  addition  of  the  alkali  should  stop.  As  a 
rule,  about  70  pounds  of  sodium  hydroxide  is  required  per  ton  of  ore 
treated,  but  no  set  rule  as  to  quantity  can  be  given,  as  the  iron  and 
vanadium  content  of  the  ore  varies.  The  more  iron  and  vanadium 
the  ore  contains,  the  less  sodium  hydroxide  can  be  added  without 
carrying  the  precipitation  too  far, 

RADIUM   PRECIPITATION. 

About  2  pounds  of  barium  chloride,  in  solution,  per  ton  of  ore 
treated  is  then  poured  into  the  tank.  As  a  rule  the  barium  chloride  is 
that  recovered  in  fractionation  and  contains  small  quantities  of  radium. 
After  the  solution  has  been  stirred  for  five  minutes  in  order  that  the 
barium  chloride  may  be  well  nuxed  in,  sulphuric  acid  is  added,  about 
15  pounds  of  100  per  cent  acid  per  ton  of  ore  treated.  The  sulphuric 
acid  not  only  precipitates  barium  sulphate,  which  carries  down  the 
radium,  but  abo  dissolves  the  small  precipitate  of  iron  and  vanadium 
in  the  solution.  Consequently  the  final  precipitate  obtained  is  a 
fairly  clean  one  of  radium-barium  sulphate,  containing  only  small 
traces  of  iron,  vanadium,  etc. 

Should  the  addition  of  the  sodium  hydroxide  be  carried  too  far,  the 
precipitate  obtained  is  what  is  called  a  ''retreat";  that  is  to  say,  it 
carries  more  iron  and  vanadium  than  is  advisable.  Under  such  con- 
ditions the  wet  sulphate  is  placed  in  an  earthenware  pot  (50,  PI.  VII) 
and  concentrated  sulphuric  acid  is  added,  the  whole  being  thoroughly 
stirred.  Water  is  then  run  in  and  the  if  on  and  vanadium  readily  dis- 
solve in  the  hot  Uquor  obtained,  leaving  the  radium-barium  sulphate 
as  a  clean  white  residue.  The  Uquid  and  residue  are  run  through  a 
rubber  hose  to  one  of  the  filters  (32,  PI.  VII).  Each  filter  is  used  only 
one  day  out  of  four  for  filtering  the  regular  precipitate  from  the  set- 
tling tanks  (PI.  X  and  Si,  PI.  VII).  The  amount  of  sulphuric  acid 
required  for  leaching  a  retreat  varies  according  to  the  amount  of 
iron  and  vanadium  in  the  precipitate,  but  usually  25  to  35  pounds  of 
66**  B.  acid  suffice.  The  acid  filtrate  obtained  is  used  as  part  of  the 
sulphuric  acid  required  for  precipitating  the  next  batch  of  radium- 
barium  sulphate  in  the  precipitation  tank  {1,  PI.  VII). 

After  the  precipitation  of  the  radium-barium  sulphate,  stirring  is 
continued  for  one  hour,  when  the  whole  solution  is  pumped  into  one 
10463**— Bull,  104—15 4 
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of  the  settling  tanks  (52,  PL  VII)  through  the  centrifugal  pump  (i5, 
Pis.  m,  VI,  and  VII).  In  the  first  plant  the  settling  process  occupied 
three  days,  as  there  were  only  three  settling  tanks;  in  the  second  plant 
the  liquids  are  allowed  to  settle  four  days,  there  being  four  tanks. 
On  the  second  day  after  the  liquid  has  been  run  into  the  tank  a  solu- 
tion containing  1  pound  of  barium  chloride  is  poured  in  and  thoroughly 
stirred  into  the  upper  part  of  the  acid  liquor  by  means  of  a  paddle. 
The  object  is  to  carry  down  any  small  traces  of  radium  that  may  have 
remained  suspended  or  dissolved  in  the  supernatant  liquid. 

PBECIPrrATIOX  FBOCBSSES. 

mON  PRECIPITATION. 
USE   OF  SODIUM  CABBONATB. 

When  the  settling  is  complete  the  clear  liquid  above  the  precipitate 
is  siphoned  oflF  through  a  1  J-inch  acid  rubber  hose  attached  to  a  floating 
siphon.  The  acid  liquor  is  run  into  tank  S  (Pis.  Ill,  VI,  and  VH),  which 
contains  a  hot  solution  of  sodium  carbonate  more  than  sufficient  to 
neutraUze  the  acid.  The  weight  of  sodium  carbonate  used  depends 
to  some  extent  on  the  character  of  the  ore  treated.  The  smaller  the 
amoimt  of  uranium  and  vanadium  in  the  ore,  the  smaller  the  excess 
of  carbonate  required.  For  ore  running  from  2.5  to  3  per  cent  UjO,,** 
250  poimds  of  excess  sodium  carbonate  is  required  per  ton  of  ore 
treated.  This  figure  does  not  take  into  consideration  the  addition  of 
the  sodium  hydroxide  in  the  radium  precipitation  tank,  but  is  calcu- 
lated on  the  original  acidity  of  the  acid  used.  Consequently  if  acid 
of  the  strength  and  in  the  quantity  described  imder  the  section  on 
leaching  is  used  the  actual  weight  of  sodium  carbonate  used  is  about 
650  poimds  of  soda  ash  per  ton  of  ore.  In  reality  the  excess  of 
sodium  carbonate  is  larger  than  that  indicated,  owing  to  the  fact  that 
a  part  of  the  acid  is  neutralized  by  the  sodium  hydroxide  added  in 
tank  1.  A  2  per  cent  UjOg  ore  would  not  need  more  than  200  pounds 
excess  sodium  carbonate  per  ton  of  ore  unless  it  contained  more  than 
the  usual  amoimt  of  vanadium. 

The  acid  liquor  is  siphoned  into  the  hot  sodium  carbonate,  the 
whole  process  taking  about  three  hours.  As  long  as  the  alkali  is  in 
excess,  there  is  little  chance  of  the  solution  boiling  over;  should  the 
neutralization  point  be  nearly  reached,  there  is  serious  danger  of  duch 
boiling.  The  liquid  is  heated  during  the  addition  of  the  acid,  and 
maintaining  the  temperature  near  the  boiling  point  during  the  entire 
period  is  important;  otherwise  the  precipitate,  which  should  bo  red, 
becomes  brown  or  even  bluish-brown,  and  carries  considerable  vana- 

o  The  term  ''UsOi^'  is  uaed  here,  and  ta  a  similar  connection  in  other  pages,  as  a  basis  of  calculAtloii, 
because  it  is  the  basis  now  universally  used  in  commerce  when  ores  are  purchased  or  sold.  Strictly 
speaking,  the  symbol  should  be  "X70t." 
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dium  and  too  much  uranium.  Not  only  is  the  amount  of  sodium  car- 
bonate in  excess  important  but  also  the  time  of  boiling  after  the  acid 
has  been  completely  added.  In  actual  practice,  the  boiling  is  con- 
tinued for  three  hours  after  the  last  of  the  acid  has  been  run  into  the 
tank.  There  are,  therefore,  two  important  factors  that  control  the 
amount  of  uranium  and  vanadium  left  in  the  precipitate,  namely, 
the  excess  of  sodium  carbonate  and  the  period  during  which  boiling  is 
continued,  the  latter  being  just  as  important  as  the  former. 

FILTERING  THROUGH  PRESSES. 

The  solution  is  then  filtered  through  filter  presses — in  the  first  plant 
through  press  SSa  (PI.  IV);  in  the  second  plant  through  press  16 
(Pis.  VI  and  VII),  the  filtrates  running  into  tanks  6  (Pis.  Ill,  VI,  and 
VII),  in  which  the  uranium  is  afterwards  precipitated.  The  precipi- 
tates are  washed  in  the  filter  press  for  about  20  minutes,  the  washing 
being  added  to  the  original  solution.  It  is,  of  course,  advisable  to 
wash  the  precipitates  until  they  are  as  free  as  possible  from  adhering 
liquor  so  as  to  decrease  the  loss  on  uranium  and  vanadium,  but  the 
amount  of  washing  is  controlled  by  the  capacity  of  the  tanks  into 
which  the  filtrate  is  run. 

The  uranium  and  vanadium  content  of  the  iron  precipitate  obtained 
has  varied  considerably,  the  average  uranium  content  running  about 
0.7  per  cent  UgOg,  and  the  average  vanadiimi  content  about  2  per  cent 
V3O5.  Some  of  the  precipitates  have  gone  as  low  as  0.6  per  cent  UjOg 
and  1  per  cent  V2O5,  whilst  once  or  twice,  when  there  was  a  temporary 
lack  of  steam  and  the  boiling  was  not  continued  sufficiently  long, 
the  uranium  content  of  the  iron  precipitate  was  more  than  2  per 
cent  UaOg. 

BECOVERY  OF  BARIUM  SULPHATE  PRECIPITATE. 

After  the  acid  liquor  has  been  added  to  the  sodium  carbonate  tank, 
as  described  above,  and  before  the  filter-pressing  of  the  iron  precipi- 
tate, the  radium-barium  sulphate  precipitate  in  the  conical  settUng 
tanks  is  run  through  earthenware  stopcocks  at  the  bottom  of  each 
settling  tank  onto  the  suction  filters.  The  solution  is  filtered  under 
suction,  and,  by  means  of  a  rubber  hose  attached  to  the  spout  of  the 
filter,  the  filtrate  is  added  to  the  sodium  carbonate  tank.  The 
sulphate  is  washed  with  distilled  water,  and  with  a  weak  solution  of 
sodium  hydroxide,  in  order  to  neutraUze  any  adhering  traces  of 
acid.  It  is  then  carefully  scraped  from  the  filter  paper  placed  over 
the  asbestos  filter  cloth  and  is  put  into  an  iron  pan  19  by  20  by  3 
inches.  The  sulphate  is  dried  in  a  hot-air  oven  heated  by  steam  coils, 
after  which  it  is  transferred  to  the  sulphate  building  for  further  treat- 
ment.    If  the  solution  at  any  time  nms  through  cloudy,  owing  to  the 
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presence  of  barium  sulphate  in  the  filtrate,  it  is  run  back  into  tank 
1  (Pis.  Ill,  IV,  VI,  and  VII)  by  means  of  a  long  rubber  hose,  and  the 
sulphate  that  has  gone  through  the  filter  is  thus  recovered  with  th^ 
next  radium-barium  sulphate  precipitate.  It  is  found  preferable  to 
do  this  rather  than  to  try  to  refilter  the  solution  at  once.  Such 
mechanical  losses  in  plant  operation  should  be  carefully  watched,  as 
they  are  more  likely  to  occur  than  chemical  losses. 

RE-SOLUTION  OP  IRON  PRECIPITATE. 

When  the  first  plant  was  started  it  was  thought  tnat  not  only 
would  the  recovery  of  the  uranium  and  vanadium  content  of  the  iron 
precipitate  be  justified,  but  also  that  the  radium  not  recovered  in  the 
first  radiuxn-barium  sulphate  precipitate  might  be  sufiiciently  large 
to  justify  its  recovery  also.  Therefore,  the  original  plan  of  procedure 
involved  the  re-solution  of  the  iron  precipitate  in  hydrochloric  acid 
and  the  precipitation  of  a  second  radium-barium  sulphate  precipitatCi 
followed  by  a  second  precipitation  with  sodium  carbonate. 

Accordingly,  into  tank  2  in  the  first  plaat  was  poured  a  sufi&cient 
amoimt  of  commercial  hydrochloric  acid  to  just  dissolve  the  iron 
precipitate.  This  was  diluted  with  an  equal  volume  of  water.  The 
amount  of  acid  required  varied  with  the  ore  treated.  Some  ores  carry 
more  iron  than  others,  and,  therefore,  the  exact  quantity  of  hydro- 
chloric acid  required  in  all  cases  can  not  be  stated.  In  addition,  if 
the  iron  precipitate  carried  a  httle  more  vanadium  than  usual,  this 
affected  the  quantity  of  acid  required.  Generally  speaking,  however, 
950  pounds  of  28  per  cent  hydrochloric  acid  was  required  for  each 
ton  of  ore  treated.  The  acid  was  used  cold,  the  iron  precipitate 
being  added  slowly,  one  shovelful  at  a  time,  the  liquor  being  thor- 
oughly agitated  by  a  paddle  during  the  addition.  If  the  iron  pre- 
cipitate is  added  too  rapidly,  the  solution  heats,  and  toward  the  end 
of  the  reaction  there  is  a  tendency  for  the  vanadium  to  separate. 
Under  these  conditions  it  is  difficult  to  get  the  whole  mass  in  solution, 
so  that  when  the  radium-barium  sulphate  is  precipitated,  an  unsatis- 
factory, dirty  sulphate  is  obtained. 

When  aU  the  material  is  in  solution  the  tank  is  almost  filled  with 
water  and  3  pounds  of  barium  chloride  added.  This  is  followed  by 
the  addition  of  30  to  40  pounds  of  66°  B.  sulphuric  acid.  The  dilu- 
tion and  the  amount  of  sulphuric  acid  added  is  affected,  to  some 
extent,  by  the  amount  of  calcium  in  the  ore,  as  calcium  sulphate  is 
likely  to  be  precipitated  if  the  solution  is  not  sufficiently  dilute. 

The  radium-barium  sulphate  thus  obtained  was  elevated  to  one  of 
the  settling  tanks  and  allowed  to  settle  until  the  next  day.  The 
clear  Hquid  obtained  was  siphoned  off  by  means  of  a  floating  siphon, 
in  the  ordinary  way,  and  run  into  an  excess  of  hot  sodium  carbonate, 
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the  iron-calcium  precipitate  obtained  being  filter-pressed,  and  the 
uranium  and  vanadium  in  the  filtrate  recovered. 

It  was  found  that  the  cost  of  recovering  this  uranium  and  vana- 
dium was  greater  than  the  value  of  the  products  obtained,  and  after 
a  few  trials,  the  second  precipitation  of  uranium  and  vanadium  was 
abandoned,  and  the  tiinks  that  were  designed  for  use  in  this  part  of 
the  process,  namely,  tanks  ^,  4)  ^>  and  7  (Pis.  Ill,  IV,  B,  and 
V)  were  afterwards  used  for  other  purposes.  However,  the  second 
precipitation  of  the  radium  was  continued  for  a  longer  period  of  time, 
"second''  sulphates  being  obtained  on  the  first  eight  cars  of  ore 
treated.  Later,  it  was  foimd  that  the  recovery  on  one  car  (P-7)  was 
not  satisfactory,  and  that  some  of  the  radium  was  going  through  in 
the  filtrate  from  the  first  radium-barium  sulphate  precipitate.  The 
re-solution  of  the  iron  precipitate  and  the  formation  of  second  sul- 
phates was  again  started  at  this  time  and  continued  with  the  ore 
from  three  cars  (P-7,  P-8,  and  P-9).  As  the  cause  rf  the  losses  was 
then  ascertained  to  be  of  a  mechanical  nature,  and  eliminated,  the 
formation  of  the  second  sulphates  was  again  discontinued,  as  the 
amount  of  radium  obtained  in  the  sulphates  did  not  justify  the 
expense. 

PEECIPrrATION  OP  URANIUM. 

The  filtrate  from  the  iron  precipitate  carries  the  uranium  in  solu- 
tion as  a  double  sodium  uranyl  carbonate  and  the  vanadium  as 
sodium  vanadate.  The  solution  is  partly  neutrahzed,  acid  being 
added  until  a  yellow  precipitate  begins  to  form.  This  precipitate  is 
supposed  to  be  uranyl  carbonate,  but  in  reality  it  contains  more 
sodium  uranate  than  uranyl  carbonate,  as  on  ignition  it  gives  a  very 
small  amount  of  oxide.  If  too  much  acid  is  added  at  this  stage  the 
amount  of  vanadium  that  appears  with  the  sodium  uranate  is  con- 
siderably increased.  When  the  precipitate  begins  to  foam  the  addi- 
tion of  acid  is  stopped  and  sodium  hydroxide  is  added  to  the  hot 
hquor  until  the  uranium  is  completely  precipitated  as  sodium  uran- 
ate. The  completeness  of  the  precipitation  is  easily  tested  by 
filtering  oflF  some  of  the  precipitate  on  a  small  funnel  and  adding 
more  sodium  hydroxide  to  the  filtrate  in  the  test  tube  or  beaker. 

During  the  operation  of  the  first  plant,  before  the  second  had  boon 
built  and  before  a  nitric-acid  plant  had  been  erected,  sulphuric  acid 
was  used  to  partly  neutralize  the  sodiimi  carbonate.  The  sulphuric 
acid  was  run  into  the  iron  tank  (73,  fig.  4)  and  elevated  by  compressed 
air  into  the  lead-lined  tank  (^i,  fig.  4),  where  it  was  diluted  and  run 
through  lead  pipes  to  the  uranium-precipitating  tank  (6,  PI.  Ill)  and 
the  vanadium  tanks  (7,  PI.  HI,  and  S9,  fig.  4  and  PL  V).  There- 
fore the  filtrate  from  the  vanadium  precipitate  afterwards  obtained 
contained  not  only  sodium  nitrate  but  also  large  quantities  of  sodium 
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sulphate,  and  it  was  necessary  to  separate  the  sodium  sulphate  by- 
means  of  fractional  crystallization,  as  described  subsequently.  After 
the  nitric-acid  plant  had  been  erected  it  was  found  much  more 
satisfactory  and,  in  the  end,  cheaper  to  neutralize  at  this  point  with 
nitric  acid  instead  of  with  sulphuric  acid,  so  that  the  grade  of  sodium 
nitrate  obtained  could  be  greatly  increased  and  fractional  crystalli- 
zation could  be  eliminated. 

After  the  addition  of  the  sodium  hydroxide  and  the  precipitation 
of  the  uranium  the  solution  is  boiled  for  one  hour  in  order  to  promote 
complete  precipitation  and  is  then  filtered  through  press  17  (H.  VI). 
This  press  takes  care  of  the  uranium  in  both  plants,  although  ongin* 


FiGXJBK  4.— Section  of  first,  or  "old,"  plant.    7,  vanadium  tank;  8^  distilled-water  tank;  IS,  sulphuric  add 
elevating  tank;  90 ,  steam  baffle;  38,  ferrous  sulphate  tank;  59,  vanadium  press;  ^,salphuiio  add  tank. 

ally  the  uranium  precipitate  in  tank  6  (PI.  Ill)  in  the  first  plant  was 
filtered  through  press  33c  (PL  IV,  A),  The  sodium  uranate  cake  is 
washed  for  about  15  minutes  and  then  dried  in  pans  in  hot-air  ovens 
{22,  Pis.  V  and  VII).  This  method  of  drying  has*  been  found  to  be 
the  best  xmder  the  circumstances,  not  only  for  the  radium-barium 
sulphate  precipitates,  but  also  for  the  uranium  and  the  vanadium. 

Trial  was  made  of  another  method,  embracing  the  use  of  large  iron 
pots  heated  by  direct  heat  from  a  small  fij'e  placed  beneath,  but  the 
results  were  not  satisfactory;  both  the  uraniimi  and  the  vanadium 
precipitate  caked  readily  and  dried  slowly,  notwithstanding  consid- 
erable hand  stirring.     The  method,  therefore,  was  abandoned. 
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As  the  sodium  uranate  requires  re-treatment;  owing  to  the  fact 
that  it  carries  vanadium,  it  is  not  necessary  to  wash  the  cake  as 
completely  as  might  otherwise  be  required.  Most  of  the  sodium 
uranate  carries  7  to  9  per  cent  VjOg.  It  has  been  found  practically 
impossible  to  obtain  a  precipitate  that  does  not  carry  considerable 
quantities  of  vanadium,  most  of  which  appears  probably  as  uranium 
vanadate. 

PRECIPrrATION  OF  VANADIUM. 

The  filtrate  from  the  sodium  uranate  precipitate  contains  the  van- 
adium as  sodium  vanadate.  The  solution  is  brought  to  the  boiUng 
point  and  just  neutraUzed  with  nitric  acid,  the  boiling  being  con- 
tinued long  enough  to  eliminate  the  carbon  dioxide.  A  workman, 
after  a  little  practice,  is  able  to  neutralize  the  solution  and  do  the 
rest  of  the  work  satisfactorily.  A  solution  of  ferrous  sulphate,  made 
by  dissolving  ordinary  commercial  ferrous  sulphate  in  cold  water,  is 
then  run  from  smaU  storage  tanks  {88,  fig.  4  and  Pis,  V  and  VII)  into 
the  hot  solution,  agitation  being  accomplished  by  means  of  com- 
pressed air.  The  amount  of  ferrous  sulphate  added  depends  to  some 
extent  upon  conditions,  such  as  acidity,  irrespective  of  the  amount 
of  vanadium  present.  As  a  rule,  about  75  pounds  of  ferrous  sulphate 
is  required  per  ton  of  ore  treated.  The  heating  of  the  solution  is 
stopped  before  the  addition  of  the  ferrous  sulphate,  for  if  heating  is 
continued  longer  a  complete  precipitation  of  the  vanadium  is  not 
obtained. 

It  is  advisable  to  have  the  solution  just  neutral  after  the  addition 
of  the  sulphate,  and  if  it  is  neutral  before  this  addition  it  will  of  course 
be  slightly  acid  afterwards.  It  is  difficult  so  to  gauge  the  amount  of 
acid  added  to  the  vanadium  solution  that  the  latter  wiU  be  exactly 
neutral  after  the  addition  of  the  ferrous  sulphate.  In  practice  it  is 
found  convenient  to  make  the  solution  exactly  neutral  before  the 
addition  of  the  ferrous  sulphate  and  then  to  add  a  few  poimds  of 
sodium  hydroxide  to  neutralize  the  solution  once  more  after  the  addi- 
tion of  the  ferrous  sulphate.  In  this  way  practically  all  of  the  vana- 
dium is  precipitated  as  iron  vanadate,  only  a  mere  trace  going  through 
in  the  filtrate.  The  precipitate  is  probably  a  mixture  of  the  different 
vanadates  of  iron  and  has  a  greenish-gray  color;  it  usually  contains 
32  to  33    er  cent  of  VA- 

It  is  not  difficult  to  control  the  grade  of  the  precipitate  obtained. 
If  the  solution  is  slightly  alkaline  before  the  addition  of  the  ferrous 
sulphate,  a  product  carrying  as  low  as  25  per  cent  V2O5  may  be 
obtained.  This  is  brown,  with  practically  no  green  tinge.  If  the 
solution  is  faintly  acid  after  the  addition  of  the  ferrous  sulphate,  a 
product  may  be  obtained  that  is  somewhat  yellow  and  under  favor- 
able conditions  may  carry  as  much  as  42  per  cent  VaOj.     In  other 
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words,  in  a  slightly  acid  solution,  with  continued  boiling,  a  high- 
grade  product  is  precipitated,  but  all  of  the  vanadium  is  not  recovered, 
some  of  it  going  into  the  filtrate.  This  contaminates  the  sodium 
nitrate  and  imdoubtedly  causes  losses  on  evaporating  the  nitrate 
solution  owing  to  decomposition. 

If  camotite  is  treated  in  a  beaker  with  nitric  acid,  filtered,  the  fil- 
trate poured  into  an  excess  of  hot  sodium  carbonate  solution,  the 
uranium  precipitated  by  sodium  hydroxide,  and  the  vanadium  pre- 
cipitated by  ferrous  sulphate  the  product  universally  obtained  is 
a  dark-brown  precipitate  carrying  less  than  26  per  cent  VjOj.  On  a 
large  scale  oxidation  is  much  more  complete,  and  a  much  higher  grade 
product  can  be  obtained  than  in  the  laboratory.  Seemingly  this 
result  is  due  not  only  to  the  long  time  during  which  the  liquids  are 
boiled,  but  also  to  the  fact  that  air  is  being  continually  passed  through 
them. 

Before  the  erection  of  the  nitric-acid  plant  the  neutralization  of  the 
vanadium  solution  was  accomplished  by  means  of  sulphuric  acid 
instead  of  nitric  acid.  The  change  was  made  for  reasons  already 
indicated  under  the  discussion  of  uranium  precipitation. 

NITRATE  RECOVERY. 

Before  the  second  plant  had  been  built,  the  evaporator  and  the 
crystaUizing  pans  for  the  recovery  of  the  sodium  nitrate  were  placed 
in  the  angle  formed  by  the  first  plant  and  the  boiler  house,  which  is 
now  used  as  a  furnace  room.  'After  the  second  plant  had  been  added, 
the  crystaUizing  pans  were  removed  from  their  original  position  to  that 
shown  in  Plate  VI  (44)-  An  extra  evaporator  was  also  installed  to 
take  care  of  the  increased  capacity.  The  present  equipment  handles 
all  of  the  nitrate  solution  from  both  plants. 

As  already  stated,  while  the  first  plant  was  being  operated  by  itself, 
the  excess  sodium  carbonate  in  the  uranium  and  vanadium  tanks  was 
neutralized  by  means  of  sulphuric  acid,  consequently  the  filtrate 
from  the  vanadium  precipitate  consisted  of  a  neutral  solution  of 
sodium  nitrate  and  sodium  sulphate.  It  was  necessary,  therefore, 
in  order  to  recover  a  sufficiently  high  grade  of  nitrate,  to  separate  a 
considerable  amount  of  the  sulphate  from  the  nitrate  by  fractional 
crystallization. 

The  filtrate  from  the  vanadium  precipitate  was  stored  in  tanks  11 
and  12  (Pk.  Ill  and  V)  before  the  Uquor  was  run  into  the  evaporating 
pan.  One  of  these  tanks  was  fitted  with  a  grid  made  of  Byers  pipe. 
Waste  steam  was  run  through  the  grid  so  that  partial  evaporation 
took  place  in  the  tank  itself  before  the  hquor  was  run  into  the  evapo- 
rating pan,  in  which  it  was  finally  concentrated  to  a  specific  gravity  of 
1.23  to  1.27.    As  concentration  was  effected  in  the  pan,  more  liquor 
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was  pumped  from  the  storage  tank.  When  a  sufficient  amount  of  the 
concentrated  liquor  had  accumulated,  it  was  run  into  a  crystallizing 
pan  (PL  XI,  A).  The  product  obtained  from  this  first  crystallization, 
consisting  mostly  of  sodium  sulphate,  varied  somewhat  in  composi- 
tion, the  variation  depending  largely  on  the  temperature  of  the  air  dur- 
ing crystallization.  Usually,  however,  the  wet  salt  carried  between 
3  and  10  per  cent  of  sodium  nitrate,  the  water  content  varying  from 
42  to  50  per  cent,  and  was  classed  as  "high-grade  sulphate.**  As  it 
could  not  be  sold  or  even  given  away  in  Denver,  most  of  it  was 
dumped. 

The  mother  liquor  from  the  crystals  was  pumped  back  into  the 
evaporator  and  concentrated  to  a  gravity  of  1.35  to  1.38,  and  allowed 
to  crystallize.  The  product  obtained  from  this  crystallization  was 
classed  as  *' low-grade  nitrate,"  and  as  with  the  first  crystallization, 
the  composition  varied  somewhat,  according  to  the  temperature  of  the 
air  dimng  the  crystalhzation.  Most  of  the  wet  product  carried 
30  to  35  per  cent  sodium  nitrate  and  20  to  30  per  cent  water.  The 
liquor  from  the  low-grade  nitrate  was  further  concentrated  to  a  grav- 
ity of  1.40  to  1.44  and  again  allowed  to  crystallize.  The  material 
obtained  from  this  crystallization  was  classed  as  "high-grade  nitrate," 
and  the  wet  salt  contained  65  to  80  per  cent  sodium  nitrate  and 
between  6  and  10  per  cent  water.  The  mother  hquor  from  these 
crystals  was  added  to  the  next  batch  of  liquor  from  the  low-grade 
nitrate. 

USE  OF  LOW-GRADE   NrTRATE   UNSATISFACTORT. 

In  the  making  of  nitric  acid  from  this  recovered  nitrate  it  was 
necessary  to  work  in  the  low-grade  nitrate  in  small  quantities  with 
the  high-grade  nitrate  or  fresh  purchased  nitrate.  Even  under  these 
conditions  the  amount  of  moisture  and  sodium  sulphate  present  in 
the  low-grade  nitrate  made  its  use  unsatisfactory.  When  the  losses 
were  taken  into  consideration,  as  well  as  the  cost  of  the  additional 
sulphuric  acid  required  because  of  the  presence  of  the  large  amount 
of  sodiiun  sulphate  in  the  nitrate,  it  was  found  not  only  more  satis- 
factory, but  actually  cheaper,  to  use  nitric  instead  of  sulphuric  acid 
in  the  neutralization  of  the  sodium  carbonate  in  the  uranimn  and 
vanadium  tanks.  Under  these  conditions  it  is  not  necessary  to  crys- 
tallize out  any  sodium  sulphate,  as  the  amount  present  is  small, 
coming  from  the  ferrous  sulphate  and  also  the  sulphuric  acid  used  in 
the  precipitation  of  the  radiiun  barium  sulphate.  The  nitrate  ob- 
tained imder  these  conditions  usually  runs  from  SO  to  85  per  cent 
NaNO,. 
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STORAGE  OP  NITRATE   SOLUTION. 

According  to  the  present  arrangement,  tanks  11  aad  12  in  the  new 
plant  (PL  VI)  are  used  as  storage  tanks  for  the  nitrate  solution  from 
both  plants,  as  the  vaaadium  precipitate  from  both  plants  is  filtered 
through  filter  press  18  (Pis.  VI  and  VII)  in  the  new  plant.  Partial 
evaporation  takes  place  in  both  tanks,  waste  steam  being  used.  The 
liquor  is  then  pumped  from  the  tanks  into  the  evaporators  {4Sy  PI. 
VI),  where  evaporation  is  carried  on  until  a  gravity  of  1.4  is  ob- 
tained. At  this  gravity  crystals  will  usually  separate  out  to  some 
extent  in  the  hot  liquor,  and  on  running  the  Uquor  into  the  crystal- 
lizing pans  crystals  are  frequently  foimd  on  the  bottom  of  the 
evaporator. 

The  eight  crystailizmg  pans  are  divided  mto  two  groups  of  four, 
each  group  taking  care  of  one  day's  run  from  both  plants,  so  that 
crystallization  takes  place  over  a  period  of  48  hours.  The  mother 
liquor  from  the  first  crystals  is  pumped  through  a  Worthington  pump 
back  into  the  evaporator,  this  pimip  being  the  same  as  is  used  to 
pump  the  Uquor  from  the  reservoir  tanks  into  the  evaporators.  On 
the  second  evaporation  the  gravity  is  nm  to  between  1.44  and  1.46, 
the  mother  liquor  from  these  crystals  being  added  to  the  next  batch 
of  fresh  material.    * 

The  sodium  nitrate  obtained  after  the  removal  of  the  mother  liquor 
is  shoveled  out  onto  the  draining  boards  which  are  built  over  the 
crystallizing  pans.  After  thorough  drainage  the  nitrate  is  removed 
to  the  nitrate  storage  house,  situated  between  the  crystallizing  pans 
and  the  nitric-acid  plant. 

METHOD   OF   USING   CRYSTALLIZING  PANS. 

The  actual  procedure  in  using  the  different  crystallizing  pans  is  as 
follows: 

The  mother  Uquor  from  pans  1,  2,  S,  and  4  (PI.  Ill),  or  in  reverse 
order,  is  pumped  into  one  of  the  evaporators  as  needed.  After  all  of 
the  mother  Uquor  from  the  four  pans  has  been  introduced  into  the 
evaporator,  the  crystals  from  the  previous  crystallization  are  shoveled 
from  the  pans  onto  the  draining  boards  (PI.  XI,  A).  The  Uquor  in 
the  evaporator  is  then  run  into  pan  /  for  the  second  crystallization. 
Sometimes  the  volume  of  this  Uquor  is  large  enough  to  make  the  use 
of  pan  2  also  necessary.  The  nitrate  solution,  which  has  been  more 
or  less  concentrated  in  the  storage  tanks  {11,  12,  Pis.  VT  and  VII), 
meanwhile  has  been  further  concentrated  in  the  other  evaporator. 
When  a  gravity  of  1.4  is  reached,  the  Uquor  is  run  into  pans  2,  5, 
and  4  for  the  first  crystallization.  The  next  day  the  same  process 
is  repeated  with  pans  S,  6,  7,  and  <?,  the  mother  Uquor  from  the  second 
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crystallization  in  each  instance  going  back  into  the  fresh  material 
from  the  plant. 

Since  both  plants  have  been  running  fuU  capacity,  the  average 
weight  of  sodium  nitrate  recovered  per  day  has  been  close  to  4,000 
poimds  on  the  100  per  cent  basis.  This,  of  course,  has  varied  to 
some  extent,  as  the  recovery  has  varied  also.  The  average  analysis 
of  the  nitrate  during  this  period  has  been  as  follows: 

Average  ctympontion  of  nitrate  solution. 


Proportion  in  the  solution. 

Mftxininm. 

Minimum. 

Average. 

Sodfimi  nitrate 

Sodium  sulphate. 

Sodium  chloride 

Water 

PercefU. 

85.00 

4.80 

3.96 

8.25 

Percent. 

83.38 

3.99 

2.32 

7.08 

Percent. 

84.33 

4.39 

3.16 

7.94 

NTTBIC  ACID  MANUFACTXJBE. 

A  plan  of  the  nitric  acid  plant  is  shown  in  Plate  XII.  The  so- 
dium nitrate  is  elevated  by  means  of  the  elevator  c,  and  is  bedded 
and  sampled  at  b.  As  the  composition  of  the  nitrate  varies  to  some 
extent,  every  day,  it  is  necessary  to  make  a  daily  analysis  of  the 
nitrate  used.  The  charge  is  wheeled  in  wheelbarrows  from  b  to  the 
stills  d.  The  bleacher  and  the  Hart  condensers  are  shown  at  e,  the 
towers  at  /,  and  the  storage  pots  at  g.  As  the  manufacture  of 
nitric  acid  is  more  or  less  standardized,  it  is  not  necessary  to  describe 
it  in  detail  in  this  report.  The  plant  has  produced  an  average  of 
5,250  pounds  of  acid  per  day  over  a  period  of  several  months,  the 
whole  of  the  acid  averaging  63  per  cent  in  strength. 

TTBANTOM  BEFINING. 

As  already  stated  under  the  description  of  the  precipitation  of 
uranium,  most  of  the  sodium  uranate  that  is  obtained  contains  7 
to  9  per  cent  of  V2O5  on  the  dry  basis.  It  has  been  impossible 
to  precipitate  sodium  uranate  in  alkaliae  solution  containing  both 
uranium  and  vanadiiun  and  not  precipitate  at  the  same  time  a 
considerable  amount  of  vanadium  with  the  uraniimi.  As  uranium 
should  be  as  free  from  vanadimn  as  possible,  the  economical  refining 
of  the  uranium* is  important. 

METHODS   FreST  USED. 

The  first  attempts  to  remove  the  vanadium  from  the  sodiima 
uranate  were  along  the  Une  of  reprecipitation.  The  sodium  uranate 
was  redissolved  in  hot  dilute  sulphuric  acid  and  sodium  hydroxide 
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added  in  sufficient  excess  to  reprecipitate  the  uranium.  It  tti 
found  that  one  precipitation  carried  on  in  this  manner  reduced  tk 
amount  of  VaOg  in  the  sodiimi  uranate  by  about  50  per  cent,  i 
second  reprecipitation  reduced  the  amount  of  V2O5  that  was  left  il 
the  product  again  to  about  half,  so  three,  and  sometimes  even  foul 
reprecipitations  would  be  necessary  to  reduce  the  V3O5  content  belaf 
1  per  cent.  Such  a  procedure,  of  course,  would  not  be  commercial]} 
feasible.  Consequently,  it  was  necessary  to  find  some  other  methodi 
that  would  be  more  economical. 

If  sodium  uranate  containing  vanadium  is  heated  with  somewhat 
concentrated  nitric  acid,  evaporated  almost  to  dryness  and  thei 
treated  with  water,  the  latter  part  of  the  vanadium  remains  undis 
solved,  but  the  vanadium  carries  considerable  uranium,  and  tin 
uranium  still  retains  some  of  the  vanadium.  If  more  dilute  acic 
is  used  and  boiling  continued  for  only  a  few  minutes,  practically 
all  of  the  vanadium  can  be  precipitated,  but  the  precipitate  stiB 
retains  a  considerable  amount  of  uranium.  Somewhat  the  same 
results  can  be  obtained  with  hydrochloric  or  sulphuric  acid,  but  with 
either,  the  precipitate  of  vanadium  carries  down  considerable  quan* 
tities  of  uranium. 

RESULTS   OBTAINED   BY   VARIOUS   INVESTIGATORS. 

Smith  and  Qibbs  <*  have  shown  that  vanadic  acid  can  be  removed 
from  heated  sodium  uranate  by  means  of  hydrogen  chloride,  the  vana* 
dium  volatilizing.  Hillebrand^  has  shown  that  vanadium  also  caa 
be  partly  removed  in  the  same  manner  from  ores.  In  the  case  of  the 
sodixmi  uranate,  the  product  left  behind  is  probably  a  mixture  oi 
sodium  chloride,  uranyl  chloride,  and  sodium  uranate.  Barker^ 
obtained  similar  results.  He  also  removed  vanadium  from  sodium 
uranate  by  mixing  the  uranate  with  twice  its  weight  of  ammonium 
chloride  and  enough  water  to  make  a  thick  paste.  On  heating,  the 
vanadium  may  be  practically  completely  volatiUzed,  the  amount  left 
in  the  residue  being  reduced  to  as  low  as  0.5  per  cent.  The  ammo- 
niiun  chloride  at  the  same  time  converts  the  uranium  present  to 
ammonium  uranate,  which  yields  uranium  oxide.  If  the  tempera- 
ture is  too  high,  the  amount  of  oxide  obtained  is  reduced  mate- 
rially, as  some  of  the  oxide  is  converted  back  to  sodium  uranate.  The 
best  conditions  are  obtained  when  the  temperature  is  not  raised 
higher  than  is  necessary  to  volatiUze  the  vanadium  and  the  ammo- 
nium chloride. 

o  Joor.  Am.  Chem.  Soc.,  vol.  16, 1894,  p.  578. 

b  HIIlebiBiid,  W.  F.,  and  Ransome,  F.  L.,  Camotite  and  associate  minerals:  Bull.  963,  U.  S.  Oed. 
Surrey,  IfiOS,  p.  9. 
e  Barker,  H.  H.,  Unpablisbed  thesis. 
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Any  of  these  methods  might  be  used  for  the  removal  of  the  vana- 
ditmi,  but  on  a  commercial  scale  practically  all  of  them  involve  serious 
difficulties.  The  use  of  nitric,  hydrochloric,  or  sulphuric  acid  would 
give  excellent  results,  provided  the  precipitation  between  the  vanar- 
dium  and  uranium  was  sharp  and  complete,  but  if  all  the  vanadiimi  is 
to  be  removed  such  a  separation  is  practically  impossible.  Too  much 
uranium  goes  with  the  vanadimn,  and  if  the  loss  of  uranium  is  reduced, 
a  considerable  amount  of  vanadium  is  not  separated  from  the 
uranium. 

FUSION  METHOD. 

The  authors  have  found,  however,  that  the  vanadium  can  be  sepa- 
rated from  sodium  uranate  cheaply  and  efficiently  by  fusion  methods. 
If  sodium  uranate  is  heated  with  two  to  two  and  one-half  times  its 
weight  of  sodium  sulphate  until  the  whole  mass  is  fused,  and  the 
product  is  afterwards  broken  up  and  leached,  practically  all  of  the 
vanadium  goes  into  the  solution  and  the  uranium  still  remains  as 
insoluble  sodium  uranate.  In  this  manner  the  vanadium  content  of 
sodiimi  uranate  can  be  reduced  from  8  or  10  per  cent  to  less  than 
0.5  per  cent  by  one  treatment,  practically  aU  of  the  vanadiimi  being 
removed  if  the  product  is  sufficiently  washed. 

The  main  trouble  with  this  method  is  in  finding  a  satisfactory  con- 
tainer for  the  material  during  fusion.  Steel  is  slightly  attacked 
by  fused  sodium  sulphate,  and  cast  iron,  although  standing  up  much 
better  imder  the  action  of  the  molten  material,  has  too  low  a  melting 
point  to  make  its  use  advisable  for  straight  sodiimi  sulphate.  Al- 
though the  sulphate  has  a  melting  point  much  lower  than  that  of  cast 
iron,  when  considerable  quantities  of  sulphate  are  used  it  is  difficult 
to  get  the  center  part  of  the  mass  melted  before  the  exterior  reaches 
the  melting  temperature  of  cast  iron.  Vitrified  brick  stands  up  well, 
and  therefore  a  small  reverberatory  furnace  could  be  used.  The 
authors  have  found  it  more  convenient,  however,  to  add  a  small  quan- 
tity of  sodium  nitrate  to  the  sodium  sulphate,  in  order  to  lower  the 
melting  point  of  the  sulphate.  If  20  to  25  per  cent  of  sodium  nitrate 
is  added  to  the  sodium  sulphate,  a  melt  can  be  readily  obtained  in  a 
cast-iron  pot. 

USE  OF  OIL  FURNACES. 

Oil  furnaces  with  Case  burners  (PI.  XI,  B)  have  been  used  at  the 
plant  of  the  National  Radium  Institute,  the  pots  holding  150  pounds 
of  the  mixture  of  sodium  nitrate  and  sodiimi  sulphate.  To  this  melt 
is  slowly  added  from  a  hopper  40  to  50  pounds  of  sodium  uranate, 
with  frequent  stirring  by  means  of  an  iron  rod  flattened  at  the  end 
and  inserted  in  a  wooden  handle.  Care  must  be  taken  that  eflferves- 
cence  does  not  occur  too  rapidly,  as  otherwise  the  pot  may  boil  over. 
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After  the  sodium  uranate  has  been  completely  added,  heatmg  must 
be  continued  for  about  one  hour  longer,  in  order  that  all  of  the  material 
may  be  acted  upon  by  the  melt. 

It  is  run  out  through  a  spout  at  the  bottom  of  the  pot  into  a  suitable 
iron  container,  broken  up,  run  through  a  ball  mill,  either  dry  or,  pref- 
erably, with  water,  and  leached  with  boiling  water  in  a  suitable  tank. 
The  leaching  is  done  in  tank  4  CPls.  Ill  and  IV,  B)  in  the  first  plant, 
and  the  product  pressed  through  filter  press  SSb  (PL  IV),  the  filtrate 
running  into  tank  7  (PI.  Ill),  in  which  the  vanadium  is  precipitated. 
The  sodium  uranate  th^s  obtained,  provided  the  fusing  has  been 
carried  out  properly,  is  practically  free  from  vanadiiun. 

FUSION  WITH  SODIUM  SAI/TS. 

This  procedure  fitted  in  excellently  with  the  main  process,  as 
sodium  stdphate  containing  sodium  nitrate  was  one  of  the  by-products 
in  the  crystallizing  of  the  sodium  nitrate,  and  therefore  purchase  of 
the  material  was  not  necessary.  Other  sodium  salts  besides  sodium 
sulphate,  or  a  mixture  with  sodium  nitrate,  have  a  similar  effect. 
Fused  sodium  hydroxide,  sodium  carbonate,  or  a  mixture  of  sodium 
hydroxide  and  sodium  carbonate^  removes  vanadium  from  sodium 
uranate,  the  sodium  uranate  being  insoluble  in  a  leaching  process,  but 
neither  the  hydroxide  nor  the  carbonate  gives  as  good  a  result  as 
sodium  stdphate.  Ordinary  salt,  however,  is  just  as  efficient  as  sodium 
sulphate.  In  addition  it  has  the  advantage  of  not  attacking  cast 
steel,  so  that  steel  pots  may  be  used  and  the  salt  readily  melted 
therein.  For  this  reason  salt  was  substituted  for  the  mixture  of 
sodiiun  sulphate  and  sodium  nitrate  at  the  Radium  Institute. 

''light"  and  ''dark"  sodium  uranatb. 

The  sodium  uranate  that  is  obtained  by  this  fusion  method  is  off 
color.  In  order  to  obtaiu  the  hght-yellow  material,  re-treating 
would  be  necessary.  If  the  uranium  is  present  as  double  sodium 
uranyl  carbonate,  the  color  of  the  product  can  be  controlled  without 
much  difficulty.  If  acid  is  added  to  the  solution  imtil  neutralization 
is  almost  complete,  the  precipitate  that  comes  down  is  light  yellow, 
sometimes  almost  white.  If  before  neutralization  is  actually  com- 
pleted, sodium  hydroxide  is  added  until  all  of  the  uranium  is  pre- 
cipitated, the  color  of  the  precipitate  wiU  be  Ught  yellow.  The  same 
result  can  be  accompUshed  by  adding  acid  until  the  solution  is  slightly 
acid,  and  then  adding  sodium  hydroxide  until  precipitation  ia  just 
complete.  In  order  to  get  the  dark  variety  of  sodium  uranate  by 
direct  precipitation,  aU  that  is  required  is  to  add  sodium  hydroxide 
to  the  solution  of  sodium  uranyl  carbonate  without  previous  partial 
or  complete  neutralization.  It  is  also  advisable  not  to  wash  too 
thoroughly  the  sodium  uranate  obtained  in  this  manner.     Unless 
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there  is  no  objection  to  the  presence  of  yanadiiun  the  precipitation 
of  part  of  the  vanadiiini  along  with  the  uranium,  of  course  prevents 
the  direct  handling  of  the  material  in  the  manner  described. 

CONVERSION   OF  SODIUM  URANATE   INTO  URANIUM  OXIDE. 

The  conversion  of  sodium  uranate  into,  uranium  oxide  is  also  of 
interest.  The  first  work  of  this  kind  done  by  the  authors  involved 
precipitation  with  ammonium  hydroxide  in  order  to  obtain  anuno- 
nium  uranate,  so  that  on  ignition  of  the  uranate  UgO,  could  be 
obtained.  Boiling  the  sodium  uranate  with  a  strong  solution  of 
ammonium  chloride  was  also  tried.  Some  laboratory  experiments 
were  carried  out  on  these  methods  before  they  were  used  in  the  plant, 
with  the  following  results: 

A  5-gram  sample  of  dry  sodium  uranate  was  dissolved  in  3  c.  c. 
of  concentrated  sulphuric  acid  diluted  with  25  c.  c.  of  water,  and 
the  solution  was  poured  into  25  c.  c.  of  ammonia,  the  total  volume 
being  made  up  to  100  c.  c.  Excess  of  anunonia  was  expelled  by 
boiling  until  rather  violent  bumping  occurred.  The  yellow  precipitate 
was  filtejred  off  and  washed  twice  on  the  filter  and  ignited.  Another 
sample  of  the  same  weight  was  boiled  with  50  grams  of  anmionium 
chloride  in  50  c.  c.  of  water.  The  hquid  was  boiled  for  half  an  hour, 
a  drop  of  ammonia  being  added  from  time  to  time  to  maintain  an 
alkaline  solution.  The  precipitate  was  treated  as  before.  The 
weight  of  the  residue  obtained  from  the  first  experiment  was  3.99 
grams,  and  from  the  second  3.85  grams. 

Each  residue  was  digested  with  1  c.  c.  of  sulphuric  acid  in  25  c.  c. 
of  water,  the  weight  of  the  residue  obtained  from  this  treatment 
being  2.47  grams  for  the  ammonia^treated  material  and  2.71  for  the 
other.  The  difference  does  not  represent  solely  the  amount  of  sodium 
uranate  with  the  uranium  oxide,  as  under  the  conditions  at  least  15 
per  cent  of  UgOg  is  dissolved  by  the  acid.  For  the  final  product, 
UgOg  is  what  is  desired,  and  the  experiments  showed  that  by  the 
use  of  a  large  excess  of  ammonium  chloride  a  yield  of  54  per  cent  of 
UgOg  is  obtained,  and  of  50  per  cent  by  digestion  in  ammonium  sul- 
phate in  excess. 

Further  experiments  showed  that  2  parts  by  weight  of  anunonium 
chloride  to  1  part  of  uranate  gave  practically  as  good  a  yield  as  when 
5  parts  of  the  chloride  were  used,  and  the  yield  was  not  very  much 
reduced  when  the  amount  of  chloride  was  still  further  decreased  so 
that  the  ratio  was  1.5  to  1. 

EFFECT  OF  REDUCTION. 

In  the  course  of  the  experiments  it  was  observed  that  in  dissolving 
the  sodium  uranate  in  concentrated  sulphuric  acid  and  in  passing 
from  sodiimi  uranate  to  the  oxide  a  partial  reduction  to  uranous 
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salts  took  place.  It  was  therefore  thought  possible  that  the  effi- 
ciency  of  the  conversion  might  be  increased  by  reducing  the  sodium 
uranate  before  its  precipitation  as  the  ammonium  salt.  The  reduc- 
tion was  accompUshed  by  adding  to  the  sidphuric  acid  a  solution  of 
sidphurous  acid  and  boiling  to  expel  the  excess  of  sulphur  dioxide. 
The  uranium  was  then  precipitated  by  ammonium  hydroxide  in  the 
ordinary  way.  The  efficiency  showed  a  slight  increase^  but  the 
difference  was  within  the  lunits  of  experimental  error. 

The  results  of  the  work  clearly  indicated  that  it  is  difficult  to  com- 
pletely convert  sodimn  uranate  into  ammonium  uranate  by  one  treat- 
ment with  ammonium  chloride  or  ammonium  sulphate,  the  conver- 
sion into  ammonium  xiranate  being  usually  somewhere  around  60 
per  cent.  In  other  words,  a  mixture  of  ammonium  uranate  and 
sodiimi  uranate  is  obtained.  On  ignition  the  ammonium  uranate  is, 
of  course  converted  into  oxide,  which  remams  contaminated  with 
the  unconverted  sodium  uranate.  The  latter  can  be  leached  out  by 
dilute  sulphuric  acid,  the  preferable  strength  being  4  or  5  per  cent. 
In  this  manner  a  fairly  pure  oxide  can  be  obtained,  which,  however, 
usually  contains  traces  of  sodium  uranate,  iron,  siUca,  and  aluminum. 

PLANT  PROCEDURE  TRIED. 

The  actual  procedure  which  was  finally  used  in  experimental  work 
in  the  plant  was  as  follows: 

One  hundred  pounds  of  the  refined  sodimn  uranate  was  dissolved 
in  100  pounds  of  66°  B.  sulphuric  acid  diluted  with  200  pounds  of 
water.  The  solution  took  place  in  an  earthenware  pot  (84,  PL  IV). 
The  sodiimi  uranate  dissolved,  but  the  majority  of  the  iron  oxide, 
as  well  as  some  other  impurities,  remained  insoluble.  Most  of  the 
iron  was  derived  from  the  impurities  in  the  sodium  sulphate  and 
sodium  nitrate  used  in  the  fusion  method  for  eliminating  the  vana- 
dium, as  already  described.  The  iron  oxide  could  be  removed  by 
filtration  through  an  earthenware  filter  (35,  PI.  IV)  or  coidd  be  run 
direct  into  the  precipitation  tank  (5,  Pis.  Ill  and  IV,  B),  depending 
upon  whether  it  was  desired  to  eliminate  the  iron,  and  thus  obtain 
a  higher-grade  product.  If  the  solution  wag  not  filtered,  the  oxide 
finally  obtained  was  about  87  per  cent  UgOg.  If  the  solution  was 
filtered  at  this  stage,  the  grade  of  the  final  product  could  bo  greatly 
increased,  reaching  as  high  as  95  per  cent. 

The  solution  was  then  run  into  tank  5  (Pis.  Ill,  and  IV,  B),  which 
contained  about  5,000  pounds  of  water,  and  an  amoimt  of  anmionia 
slightly  in  excess  of  that  required  to  neutralize  the  acid.  After  300 
pounds  of  sodiimi  m^anate  had  been  treated  in  the  manner  described 
and  run  into  tank  5,  the  liquid  in  this  tank  was  boiled  for  about  two 
hours.     It  was  then  filtered  through  press  SSc  (PI.  IV),  and  the 
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filtrate  discarded.  If  this  method  were  used  continuously  on  a 
commercial  scale,  it  would,  of  course,  pay  to  treat  the  solution  and 
recover  the  ammonia  so  that  it  could  be  used  again. 

The  washed  precipitate  was  then  removed  from  the  press,  dried, 
and  ignited  in  an  iron  pot  in  one  of  the  oil  furnaces  in  the  furnace 
room.  In  this  manner,  the  ammonium  uranate  was  converted  into 
oxide.  As  the  product  obtained,  as  abeady  described,  consisted  of  a 
mixture  of  uranium  oxide  and  sodium  uranate,  it  was  treated  with  a 
5  per  cent  solution  of  sidphuric  acid,  the  sodium  mranate  dissolving 
along  with  a  small  amount  of  oxide.  The  solution  was  run  into  tank 
5  and  retreated. 

SMALL-SCALE  TESTS   OP  OTHER   PROCESSES. 

Although  this  process  worked  fairly  well,  the  costs  were  altogether 
too  large  to  justify  its  permanent  use.  Other  methods  were  there- 
fore sought  whereby  a  high-grade  oxide  could  be  obtained  and  the 
vanadium  eliminated  at  the  same  time,  with  a  decrease  in  the  cost  of 
conversion.  In  other  words,  a  method  was  required  by  which 
uraniima  oxide  coidd  be  cheaply  and  efficiently  produced  from  the 
sodium  uranate  without  any  preliminary  treatment  to  get  rid  of  the 
7  or  8  per  cent  of  V3O5  always  present.  Following  a  suggestion  made 
to  one  of  the  authors  it  was  found  that  when  sodiiun  uranate  was 
ignited  in  a  platinum  crucible  to  a  temperature  approaching  1,500*^  C, 
a  certain  part  of  the  uranate  was  converted  into  oxide.  During  the 
beating,  fumes  of  sodium  oxide  were,  evolved,  and  when  the  product 
obtained  was  leached  with  water,  the  water  was  found  to  be  strongly 
alkaline  and  contained  practically  all  of  the  vanadium  that  was  in  the 
sodium  uranate.  Some  experiments  were  tried  on  a  semicdmmercial 
scale,  a  small  oU  furnace  containing  a  shelf  of  fire-clay  on  which  the 
sodium  uranate  was  placed  being  used.  The  flame  was  applied  not 
only  underneath  the  shelf  but  also  over  it,  giving  a  more  or  less  reverb- 
eratory  effect.  A  temperature  approaching  1,500°  C.  was  obtained, 
and  a  considerable  amoimt  of  sodium  uranate  was  converted  into 
oxide,  but  the  conversion  was  by  no  means  complete.  In  addition, 
the  fire  clay  was  attacked  by  the  semiviscous  mass.  The  conclusion 
was  then  reached  that  the  only  possibility  of  success  along  this  line  was 
to  use  an  electric  furnace. 

TESTS   or  VARIOUS   CRUCIBLE   MATERIALS. 

It  was  also  important  to  find  some  material  that  would  not  be 
seriously  affected  by  the  action  of  the  melted  sodium  uranate.  Among 
others,  the  following  were  tried: 

An  Acheson  graphite  crucible  brasqued  with  magnesite;  a  similar 
crucible  brasqued  with  alundum ;  a  similar  crucible  brasqued  with  50 
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parts  of  magnesite  and  50  parts  of  alundum ;  a  crucible  made  of  silicon- 
carbide  tubing  bonded  with  carbon,  with  a  graphite  bottom  luted 
in  place  with  silicon  carbide  and  water  glass,  and  the  inside  of  the 
crucible  coated  with  silicon  carbide  and  water  glass;  a  crucible  similar 
to  the  last  except  that  quartz  tubing  was  put  in  with  the  charge. 

Alundum  proved  to  be  rather  unsatisfactory,  as  it  was  quickly 
attacked.  The  magnesite  lining  separated  fairly  well  from  the 
charge,  but  the  charge  was  to  some  extent  contaminated.  The  charge 
also  stuck  badly  to  the  lining  of  silicon  carbide  and  water  glass,  and 
the  result  was  that  practically  none  of  these  materials  appeared  to  be 
satisfactory.  The  experiments  were  carried  on  in  a  resistance  fur- 
nace, with  a  granular  carbon  resistor  in  which  the  crucibles,  or  tubes, 
were  embedded. 

In  another  experiment  200  grams  of  sodium  uranate  was  placed  in 
a  small  Acheson  graphite  crucible  with  a  direct  arc  from  a  carbon 
rod,  constituting  a  small  H6roult  type  furnace.  In  this,  the  whole 
charge  fused,  and  copious  clouds  of  alkaline  fumes  were  given  off. 
The  product  was  black,  and  the  vanadium  could  be  readily  leached 
out  when  the  ground  material  was  boiled  with  water.  Similarly  an 
iron  pot  cooled  with  water  externally  was  used  as  one  electrode 
and  container,  the  other  electrode  being  made  of  Acheson  graphite. 
With  this  equipment  several  pounds  of  a  fairly  satisfactory  black 
oxide  was  obtained.  The  results  of  this  experiment  were  so  encoxu:- 
aging  that  work  was  continued  along  this  line  in  the  plant. 

CONSTRUCTION   OP  EXPERIMENTAL  ELECTRIC   FURNACE. 

The  mechanical  part  of  the  experimental  furnace  consisted  of  a 
heavy  4-inch  L-beam  10  feet  long  placed  horizontally  8  feet  from  the 
floor,  one  end  being  embedded  in  the  wall  and  the  other  bolted  to  a 
3  by  4  inch  wooden  support  embedded  at  its  lower  end  in  the  cement 
floor.  At  the  middle  of  this  horizontal  beam,  two  plates,  or  hangers, 
2  feet  by  4  inches  by  J  inch  were  suspended.  In  the  lower  ends  of 
these  a  1-inch  shaft  carrying  the  sprocket  wheels  was  placed  horizon- 
tally. Over  one  sprocket  wheel  passed  a  chain  having  one  end  con- 
necting with  the  electrodes  and  the  other  end  off  to  one  side  passing 
over  a  wheel  and  terminating  in  a  counterbalance  approximately  the 
same  weight  as  the  electrodes.  Over  the  other  sprocket  wheel  on  the 
shaft  in  the  central  hanger  passed  a  continuous  chain  about  10  feet 
long,  running  also  on  a  sprocket  wheel  placed  on  a  1-inch  shaft 
attached  to  the  upright  wooden  support  of  the  main  horizontal  L- 
beam.  Attached  to  this  1-inch  shaft  was  a  22-inch  hand  wheel,  the 
turning  of  which  raised  and  lowered  the  electrodes. 

On  the  floor  directly  beneath  the  electrodes  was  placed  a  cement 
basin  about  2}  feet  square  and  10  inches  high,  sloping  inward  toward 
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the  bottom  and  drained  by  a  2-inch  pipe.  For  melting  the  sodium 
iiranate  an  iron  pot  standing  on  legs  was  placed  in  the  basin.  The 
pot  was  cooled  by  water  from  a  ring  placed  about  2  inches  from  the 
top  and  having  -Arhich  holes  every  half  inch.  About  3  inches  of 
water  was  allowed  to  back  up  into  the  basin  to  cool  the  bottom  of  the 
pot.  Around  the  inside  of  the  basin,  stones  and  bricks  were  packed 
loosely  about  halfway  up  the  pot  to  minimize  danger  from  an  explo- 
sion, if  any  of  the  molten  material  should  be  thrown  out  of  the  pot. 
These  loose  stones  and  bricks  were  kept  away  from  the  pot  by  a 
sheet-iron  sheath  around  the  pot,  being  enough  larger  to  allow  free 
play  for  the  cooling  water  to  run  down  the  sides  of  the  pot. 

VOLTAGES  trSED. 

The  voltage  first  used  was  170  volts,  but  after  several  trials  the  arc 
was  found  to  be  too  heavy  and  to  sputter  too  much.  Other  voltages 
ranging  from  80  to  130  were  tried,  130  volts  proving  the  most  satis- 
factory, although  a  110-volt  pressiure  was  used  to  some  extent. 
Leads  of  600,000  circular  mils  about  20  feet  long  extended  from  the 
transformers,  which  were  not  sufficiently  flexible  to  be  connected  to 
the  electrodes,  so  that  they  were  spUced  to  5-foot  lengths  of  flexible 
leads,  i  inch  by  2  inches  in  cross  section,  made  of  soft-copper  strips 
wrapped  with  tape. 

In  order  to  start  the  arc,  it  was  foimd  that  the  best  method  was 
to  use  a  piece  of  uraniimi  oxide  from  a  previous  charge,  which  was 
heated  in  an  oil  blast  to  bright  redness  and  placed  beneath  and  in 
contact  with  the  electrodes.  Such  material  is  sufficiently  conducting 
to  melt  and  form  the  desired  pool. 

MELTING  POTS   USED. 

The  preliminary  work  was  done  in  cast-iron  pots,  which,  however, 
did  not  stand  up  imder  the  treatment,  and  usually,  after  one  or  two 
runs,  were  melted  through  at  some  point.  In  order  to  make  the  pots 
last  longer,  a  coating  of  fire  clay  on  the  inside  was  tried,  magnesite 
being  afterward  substituted .  The  molten  material,  however,  attacked, 
and  to  some  extent  dissolved  both  the  fire  clay  and  the  magnesite;  con- 
sequently, their  use  was  abandoned.  Finally,  the  plan  already  de- 
scribed was  adopted,  namely,  the  use  of  a  heavy  pot  made  of  |-inch 
boiler  plate  14  inches  in  diameter  and  10  inches  on  the  side,  with  a 
round  bottom,  dipped  2  inches,  and  standing  on  legs,  so  that  the 
lowest  point  of  the  bottom  stood  half  an  inch  from  a  level  floor. 
The  pot  was  riveted  and  worked  well  when  it  was  cooled  by  a  stream 
of  water  from  a  circular  pipe  that  surrounded  it,  as  already  described. 
The  pot  would  hold  about  160  to  175  pounds  of  product,  but  was 
unwieldy  to  remove  and  dump,  so  ladling  was  resorted  to  at  inter- 
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vals.  This  resulted  in  a  yellow  coating  appearing  on  the  material, 
which  was  probably  re-formed  sodium  uranate,  mcreasing  the  per- 
centage of  this  impurity  in  the  product.  In  order  to  eliminate  this 
trouble  as  much  as  possible,  a  second  pot  was  made,  and  after  the 
charge  had  cooled  the  pot  with  contents  was  removed  and  the 
second  one  substituted. 

PRODUCT    OBTAINED. 

The  product  finally  obtained  consisted  of  UOj,  containing  small 
traces  of  undecomposed  sodium  uranate,  especially  on  the  top  and 
sides  of  the  charge,  and  also  some  Na^O  that  had  not  been  vaporized. 
After  the  product  had  been  put  through  a  ball  mill  and  leached  with 
water,  the  filtrate  contained  most  of  the  vanadium  that  had  been 
in  the  original  sodium  uranate,  and  this  was  recovered  in  the  usual 
way.    The  leaching  also  washed  out  the  soda  which  was  present. 

In  order  to  eliminate  the  trace  of  sodium  uranate,  it  was  necessary 
to  wash  with  dUute  sulphuric  acid,  sodium  uranat^  being  soluble  £ 
a  4  or  6  per  cent  acid,  whilst  the  oxide  is  not.  Uranium  oxide  (UO,) 
is  much  less  soluble  not  only  in  sulphuric  acid  but  also  in  hydrochloric 
acid  than  UaOg,  the  amount  of  oxide  going  into  solution  with  this 
treatment  being  small. 

EXPLOSIONS  IN   ELECTRIC  FURNACE. 

Explosions  in  the  melt,  which  quickly  developed  in  connection 
with  the  use  of  the  electric  furnace,  finally  forced  its  abandonment. 
The  explosions  were  of  two  distinct  types — one  like  a  sharp  pistol 
crack,  the  other  of  fuU,  round,  cannon-boom  character.  The  Brst 
frequently  occurred  alone,  but  the  latter  was  always  preceded  by  a 
sharp  explosion.  The  sharp  explosions  evidently  came  from  the 
melt,  as  they  always  threw  molten  material  from  the  pot.  At  times 
the  furnace  could  be  operated  for  a  considerable  period  smoothly  and 
satisfactorily,  when  suddenly  loud  ^* cracks"  would  be  heard,  fol- 
lowed by  molten  material  being  thrown  iu  all  directions.  Sometimes 
these  cracking  explosions  would  occur  every  15  or  20  minutes.  At 
first  the  authors  were  rather  inclined  to  believe  that  the  explosions 
were  due  to  nitrate  left  in  the  sodium  uranate,  but  later  experiments 
with  material  washed  perfectly  free  from  nitrate  gave  the  same 
results.  Two  or  three  of  the  explosions  were  violent  enough  to  tear 
the  hood  from  the  bolts,  break  the  ''transite''  asbestos  boards,  and 
throw  the  bricks  out  of  the  cement  basin. 

The  possibility  of  the  ''booming''  explosions  being  due  to  an 
explosion  of  carbon  monoxide  formed  from  the  electrodes  was  in- 
vestigated. Samples  of  gas  were  taken  from  just  over  the  pot  at 
several  intervals  and  analyzed.  In  each  sample  mere  traces  of  car- 
bon monoxide  or  hydrogen  were  present;  consequently,  this  explana- 
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tion  had  to  be  abandoned.  In  addition,  the  draft  through  the  hood 
was  so  excellent  that  there  was  no  possibiUty  of  an  accumtdation  of  a 
sufficient  amount  of  gas  to  cause  the  explosions.  It  is  possible  that 
they  were  caused  by  the  sudden  oxidation  of  Na  or  NajO,  but  the 
authors  were  unablC;  under  the  conditions,  to  establish  that  theory. 
Although  the  operators  were  well  protected  by  screens,  operation  of 
the  furnace  finally  became  so  dangerous  that  its  use  was  abandoned 
and  the  furnace  was  dismantled.  Further  work  along  this  line, 
however,  shotild  be  of  value. 

COST  OF  TREATMENT  WITH   ELECTRIC  FURNACE. 

Only  a  rough  approximation  of  the  cost  of  such  treatment  can  be 
given,  as  the  work  was  of  purely  experimental  character.  If  the 
explosions  could  be  eliminated,  somewhere  around  75  poimds  of 
finished  product  per  hour  could  be  obtained  with  a  pressure  of  about 
110  volts  and  a  current  of  about  600  amperes  or  about  65  kilowatt- 
hours.  The  electrodes  wore  away  at  the  rate  of  about  3  inches  per 
100  poimds  of  output,  and  as  only  about  one-half  or  less  of  a  30-inch 
electrode  could  be  utilized,  two  dectrodes  would  be  needed  for  every 
400  to  500  poimds  of  product. 

After  the  abandonment  of  the  electric  furnace,  experimental  work 
was  continued  in  an  entirely  new  direction,  and  finally  a  method 
was  evolved  that  appears  satisfactory.  The  details  of  this  method 
wiU  be  described  in  a  later  report  of  the  Bureau  of  Mines. 
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rehning  in  the  plant. 

The  first  treatment  of  the  radium-barium  sulphates  is  of  great 
importance,  as  the  whole  capacity  of  the  plant,  as  far  as  the  radium 
goes,  depends  upon  this  first  treatment.  If  the  sulphates  can  not 
be  handled  as  rapidly  as  produced,  the  actual  amoimt  of  radium 
refined  each  year  must  necessarily  be  much  below  the  capacity  of  the 
plant  itself.  The  tediousness  of  the  process  used  by  Haitinger  and 
Ulrich  (see  p.  20)  can  be  readily  appreciated  on  reading  the  account 
of  their  work.  In  order  to  produce  5  to  10  grams  of  radiimi  metal 
per  year,  it  is  absolutely  necessary  to  have  shorter  methods  of  hand- 
ling the  sulphates  than  were  used  in  the  early  days  of  radium 
refining. 

The  first  step  in  this  direction  is  to  obtain  a  high-grade  sulphate, 
as  sulphates  containing  a  considerable  amount  of  silica  and  other 
impmrities  are  not  nearly  as  readily  treated  as  those  that  are  com- 
paratively pure.  Therefore,  any  process  for  the  treatment  of  camo- 
tite  or  pitchblende  that  involves  the  precipitation  of  a  high-grade, 
clean  sulphate  has  a  great  advantage  over  other  processes  involving 
the  precipitation  of  the  stilphate  along  with  silica  or  allowing  the 
sulphate  to  remain  in  the  residue  with  silica  and  other  impurities. 
This  is  one  of  the  advantages  possessed  by  the  process  described  in 
this  report.  As  a  rule,  the  sulphates  obtained  contain  at  least  85 
per  cent  BaS04,  and  in  much  of  the  product  the  proportion  of  barium 
sulphate  present  is  as  high  as  90  per  cent.  The  proportion  of  radium 
in  these  sulphates  has  averaged  about  1  milligram  of  radium  metal 
per  kilogram  of  total  weight. 

OLD  METHOD  OF  TBEATING  BADITTM-BABITTM  SULPHATES. 

The  old  method  of  boiling  the  sulphates  with  a  solution  of  sodium 
carbonate  in  order  to  obtain  radium  carbonate  and  sodiimi  stdphato 
is  one  that  can  be  applied  to  any  radiimi  barium  sulphate.  It  in- 
volves, however,  considerable  labor  and  much  filtering  and  washing, 
as  the  radium-barium  carbonate  obtained  must  be  washed  com- 
pletely free  from  traces  of  sulphate.  The  carbonate  is  then  dissolved 
in  chemically  pure  hydrochloric  acid  and  filtered,  and  any  insoluble 
material  is  worked  up  with  the  next  batch  of  sulphate.  If  three 
parts  of  sodiimi  carbonate  dissolved  in  water  is  boiled  with  one  part 
of  radium-barium  stdphate,  a  considerable  part  of  the  sulphate  is  con- 
70 
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verted  into  carbonate  at  one  treatment.  It  is  claimed  that  this  con- 
version can  be  improved  if  the  heating  is  done  mider  pressure  in  an 
iron  tank,  although  the  authors  have  not  tried  this  method.  Any 
method^  however,  that  will  shorten  this  somewhat  tedious  process 
should  be  welcomed. 

BESXTI^TS  OF  EBLEB'S  EXPEBDCENTS. 

The  restdts  obtained  by  Ebler'*  are  suggestive.  In  his  experi- 
ments he  used  two  sulphates,  one  low  grade  and  the  other  high  grade. 
The  low-grade  sulphate  contained  37.1  per  cent  barium  sulphate, 
21.8  per  cent  silica,  and  23.9  per  cent  total  sulphate,  with  traces  of 
vanadium,  iron,  aluminum,  etc.  The  radium  content  was  only  0.032 
milligram  per  kilogram.  The  analysis  of  the  high-grade  sulphate 
was  as  follows: 

Results  of  analysis  of  high-grade  sulphate. 

Peroeiit. 

BaJSO* 65. 7 

PbSO^ 4.5 

CaS04 - 19.3 

FeSO* _ :_    1. 4 

SiOj 5.0 

Ha  (metal)  milligram  per  kilogram 0.35 

On  heating  these  sulphates  with  carbon  to  a  bright  red  heat  for 
two  to  four  hours  he  obtained  a  32  per  cent  reduction  with  the  low- 
grade  and  a  68  per  cent  reduction  with  the  high-grade  sulphate. 

With  calciiim  carbide  the  following  reaction  takes  place: 

MeS04+4CaC3=4CaO+MeS+8C 

The  temperature  and  time  of  heating  was  the  same  as  for  carbon. 
With  the  low-^ade  sulphate  he  obtained  an  83  per  cent  reduction 
and  with  the  high-grade  stdphate  a  70  per  cent  reduction,  showing 
an  improvement  in  carbon  with  the  low  grade,  but  not  with  the 
high  grade. 

With  calcium  hydride  a  spontaneous  reaction  takes  place  as  follows: 

MeS04+4CaH2=MeS+4CaO+4Ha 

The  reduction  with  the  low-grade  material  was  75  per  cent,  and 
with  the  high  grade  80.5  per  cent. 

Ebler  also  tried  a  mixture  of  calcium  hydride  and  carbide.  The 
low-grade  stdphate  required  three  parts  of  the  former  to  one  of  the 
latter  to  produce  a  64  per  cent  reduction.  The  high-gi'ade  sulphate 
gave  a  60  per  cent  reduction  with  one  part  of  hydride  to  two  parts 
of  carbide. 

In  general,  he  found  that  the  crude  sulphate  was  better  reduced 
by  the  more  vigorous  reducing  agent.     Although  the  reactions  with 

o  Ztschr.  angew.  Chem.,  vol.  28,  pp.  25-48. 
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calciuxQ  hydride  and  carbide  are  ijnjnediate  and  spontaneous,  the 
cost  and  the  difficulty  of  obtaining  calcium  hydride  make  the  desira- 
bility of  their  use  doubtftd. 

REDUCTION  OF  BABHTM  SULPHATE  BY  COAL  GAS  IN  AN  ELECTRIC 

FUBNACE. 

It  is  a  well-known  fact  that  barium  sulphate  can  be  reduced  by 
heating  in  a  current  of  coal  gas.  This  method  promised  good  results, 
although  others  had  tried  it  and  had  reported  failure  without  giving 
details.  As  temperature  control  within  reasonably  narrow  limits 
was  necessary  in  order  to  get  reduction,  and  at  the  same  time  to  get 
the  material  in  a  nonclinkering  condition  so  that  it  could  be  readily 
removed  from  the  tube  in  which  it  was  heated,  the  use  of  an  electric 
furnace  seemed  more  desirable  than  heating  by  coal,  oil,  or  gas. 

The  reduction  chamber  of  the  electric  furnace  consisted  of  a  cast- 
iron  tube  5  feet  long  and  6  inches  in  internal  diameter.  Aroimd  this 
was  wound  120  feet  of  No.  21  nichrome  ribbon,  the  instilation  being 
asbestos  cloth  and  a  double  layer  of  mica,  the  pieces  being  4  inches 
by  5  inches  in  size. 

Reduction  begins  at  575°  to  600°  C,  the  actual  working  tempera- 
ture being  725°  to  740°  C.  For  raising  the  temperature  a  current  of 
40  to  50  amperes  was  required,  and  for  maintaining  it  during  the  re- 
duction, 15  to  20  amperes  from  a  220-volt  circuit.  The  gas  con- 
sumption averaged  200  to  300  cubic  feet  per  run  on  25  to  28  pounds 
of  stilphate. 

The  heat  of  reduction  was  positive  at  high  temperatures,  producing 
reaction  clinkers,  some  of  which  were  friable  and  some  glassy  and  hard 
to  break.  The  formation  of  the  clinkers  did  not  seem  to  affect  the 
reduction,  which  varied  from  75  to  90  per  cent. 

The  main  advantage  of  a  reduction  with  coal  gas  lies  in  the  fact 
that  no  foreign  material  is  introduced.  The  principal  disadvantage 
is  the  difficulty  of  maintaining  the  insulation  owing  to  the  deteriora- 
tion of  the  mica.  Silicon-carbide  tubes  were  also  tried  in  the  electric 
furnace  instead  of  cast-iron  tubes  without  success.  As  a  rule,  after 
8  or  12  runs  a  tube  would  have  to  be  rewoimd  and  the  insulation 
renewed,  and  during  reduction  the  furnace  needed  constant  attention 
in  order  to  maintain  the  correct  temperature.  The  iron  tube  was  also 
gradually  attacked  by  the  charge. 

A  constant-feed  furnace  of  much  smaller  size,  having  an  alundum 
tube,  was  also  built.  The  difficulty  was  in  getting  a  proper  feed 
through  the  furnace  and  a  sufficiently  high  reduction.  When  the 
tube  got  hot  it  became  sticky,  and  the  rate  at  which  the  sulphate 
went  through  could  not  be  controlled. 
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BEBUCnON  WITH  OHABCOAIi. 

While  the  work  was  being  done  with  the  electric  furnace,  the  re- 
duction of  radium-barium  sulphates  with  charcoal  was  tried.  This 
was  done  by  mixing  the  sulphate  with  about  one-fifth  its  weight  of 
powdered  charcoal  and  heating  for  7  or  8  hours  in  a  graphite  crucible 
in  an  oil  furnace,  the  temperature  being  about  800°  C.  Reduction 
takes  place  readily,  according  to  the  equation  BaSO^  +  4C = BaS  +  4C0, 
with  carbon  monoxide  burning  at  the  spout  of  the  crucible.  When 
the  evolution  of  gas  has  stopped,  the  crucible  is  allowed  to  cool  with 
the  lid  on,  and  the  radium-barium  sulphide  is  removed  and  broken 
up.  Under  such  conditions,  with  a  sulphate  reasonably  free  from 
silica,  it  is  usual  to  get  a  90  per  cent  reduction  of  the  sulphate  to 
sulphide,  the  ratio  of  the  reduction  of  the  radimn  being  the  same. 
The  sulphide  is  then  dissolved  in  dilute  chemically  piu:e  hydrochloric 
acid.  This  step  should  be  performed  out-of-doors  or  with  a  hood 
having  a  good  draft,  as  the  evolution  of  hydrogen  sulphide,  of  course, 
is  large.  The  gas  also  catches  fire  spontaneously  at  times,  owing  to 
the  possible  formation  of  small  quantities  of  phosphides,  although 
it  is  difficult  to  see  how  these  could  be  formed  imder  the  condi- 
tions. If  the  work  is  conducted  in  open  vessels  in  the  open  air 
this  danger  is  minimized.  The  residue  obtained  on  filtration  con- 
sists of  undecomposed  radiiun  barium  sulphate,  a  small  amount  of 
charcoal,  and  some  silica.  The  amount  of  radium  ia  this  residue  is 
usually  about  the  same  as  that  in  the  original  sulphate.  The  residues 
are  stored  and  re-treated  in  the  same  manner,  although  filtering  them 
after  leaching  with  acid  is  more  difficult  than  filtering  a  sulphide  ob- 
tained from  an  original  sulphate. 

After  the  re-treatment  of  these  residues,  a  third  residue  is,  of  course, 
also  obtained.  There  is  a  tendency  for  the  accumulation  of  lead  in 
the  second  and  third  residues,  especially  the  latter,  and,  therefore,  it 
is  better  to  fuse  the  third  residue  with  sodium  carbonate  than  to  re- 
duce it  once  more  with  carbon  ia  the  usual  way.  After  fusion,  during 
which  most  of  the  lead  is  eliminated,  the  material  is  thoroughly 
washed  and  dissolved  ia  chemically  piu'e  hydrochloric  acid.  As  the 
weight  of  the  second  residue  is  only  1  to  2  per  cent  of  that  of  the 
original  radium  barium  sulphate  tre^ited,  it  is  necessary  to  carry  out 
this  treatment  only  once  or  twice  a  year. 

The  reduction  with  carbon  is  the  method  that  has  been  used  almost 
exclusively  at  the  plant  of  the  National  Radiimi  Institute.  An  oil 
furnace  (23,  PL  III)  holding  three  No.  100  graphite  crucibles  handles 
all  of  the  sulphate  made  in  the  plant,  the  f  lumace  being  used  only  every 
other  day.  The  actual  amount  of  charcoal  required  is  a  little  more 
than  one-fifth  the  weight  of  the  sulphate  treated.  The  charcoal 
and  sulphate  are  ground  in  one  or  two  small  ball  nulls  (66,  fig.  2), 
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a  short  piece  of  1-inch  steel  rod  being  placed  in  each  mill  instead  of 
balls.  This  treatment  for  10  or  15  minutes  is  sufficient  to  intimately 
mix  the  sulphate  and  the  charcoal.  The  ground  material  is  then 
carefuUy  removed  from  the  ball  mill  and  is  placed  in  the  crucibles, 
which  are  then  transported  to  the  furnace  room. 

TBEATMBNT  OF  SULPHIDE. 

After  reduction,  the  sulphide  is  groimd  in  a  similar  manner  in  the 
other  mill  and  is  then  leached  with  moderately  dilute  chemically 
pure  hydrochloric  acid  in  an  earthenware  pot  placed  just  outside  of 
the  building.  No  particular  precautions  are  necessary  to  prevent 
oxidation  of  sulphide  to  sulphate.  If  such  oxidation  does  take  place, 
the  amoimt  of  radium  and  bariiun  precipitated  will  be  proportionate 
to  the  relative  quantities  of  these  elements  present — ^roughly,  1  part 
per  milUon.  The  material  in  the  pot  is  then  transported  in  crocks 
to  an  earthenware  suction  filter,  and  the  filtrate,  which  consists  of 
an  almost  saturated  solution  of  radium-barium  chloride,  is  ready  for 
fractionation.  In  actual  practice  it  has  been  customary  to  use  an 
amoimt  of  acid  that  will  not  be  satm*ated  with  bariiun  chloride  when 
hot,  but  wiU  be  ahnost  saturated  when  cold.  This  precaution  reduces 
the  boiling  afterwards  required  to  get  the  first  batch  of  crystals. 

EQUIPMENT   FOE  FRACTIONATION. 

The  actual  arrangement  for  fractionation  as  mdicated  in  figures  2 
and  3  is  not  the  arrangement  that  has  been  used  up  to  the  time  of 
writing  (September,  1915),  but  is  what  will  be  used  after  additional 
acid-proof  ware  has  been  received  from  France.  In  the  past  it  has 
been  necessary  to  use  an  inadequate  equipment,  so  that  the  refining 
capacity  has  been  less  than  that  of  the  rest  of  the  plant.  With  the 
equipment  shown  in  figures  1  and  2,  however,  it  will  be  possible 
to  refine  considerably  more  than  the  total  output  of  the  plant,  now 
about  400  milligrams  per  month. 

PROCEDURE   IN   FRACTIONATION. 

The  method  of  treatment  with  this  new  equipment  is  to  be  as 
follows: 

The  radium-barium  sulphides  are  dissolved  in  an  earthenware  pot, 
6S  (figs.  2  and  3).  The  solution  and  the  insoluble  material  are  run 
onto  the  upper  part  of  a  suction  filter,  64'  After  filtration  and 
washing,  the  Uquor  is  nm  into  the  upper  steam-jacketed  vessels,  6S. 
These  vessels  are  made  of  silica-lined  acid-proof  ware,  as  previously 
described  (p.  44),  the  upper  three  each  having  a  capacity  of  250  liters 
and  the  lower  two  each  having  a  capacity  of  200  liters.  The  evapora- 
tors are  covered  by  two  wooden  hoods,  in  the  flue  of  which  is  placed  a 
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small  steam  jet  to  produce  a  sufficient  draft  to  carry  off  the  hydrogen 
chloride  fumes.  The  barium  chloride  solution  in  the  first  evaporator, 
66,  is  then  so  concentrated  that  on  cooling  one-half  of  the  barium 
chloride  crystallizes  out.  The  liquor  is  siphoned  into  evaporator 
65a  and  the  process  repeated,  one-half  of  the  remaining  barium  chloride 
being  allowed  to  crystallize.  This  procedure  can  be  continued  all 
the  way  down  the  series,  or  a  fresh  batch  of  liquor  may  be  intro- 
duced into  65a  after  the  crystals  have  been  removed. 

The  system  may  be  established  in  several  ways,  either  by  adding 
fresh  material  to  65  each  day  and  gradually  working  the  mother 
hquors  down  the  evaporators  to  the  bottom  of  the  series,  or  by  crys- 
tallizing the  first  batch  of  Uquor  introduced  into  65  all  the  way  down 
the  series  before  the  introduction  of  fresh  material.  Whichever 
method  is  used,  the  procedure  afterwards  adopted  is  the  same.  Half 
of  the  barium  chloride  in  evaporator  65d  is  crystallized  out  and 
removed  from  the  mother  liquor.  This  liquor  should  then  be  dis- 
carded entirely.  After  the  crystals  have  been  removed  from  the 
evaporator,  the  Uquor  obtained  from  a  similar  crystallization  in  65e 
is  siphoned  into  65d.  The  liquor  from  a  similar  crystallization  is  then 
siphoned  from  6Sb  into  65c,  and  the  crystals  from  65d  are  dissolved 
with  this  liquor  in  65c,  In  other  words,  the  crystals  from  each 
evaporator  ascend,  and  the  mother  liquors  at  the  same  time  descend, 
the  crystals  from  a  given  evaporator  being  dissolved  in  the  liquor 
from  the  second  evaporator  above. 

For  example,  the  crystals  from  65d  will  be  dissolved  in  the  liquor 
from  651)  in  the  evaporator  65c,  with  the  addition  of  the  miniynnyp 
amount  of  water  required,  the  crystals  from  65c  will  meet  the  liquor 
from  65a  in  65h,  and  will  be  dissolved  in  this  liquor,  and  so  on  up  the 
series.  The  new  material  is  always  introduced  into  65.  The  crys- 
tals obtained  from  65  are  then  refractionated  twice  in  smaller  pots 
{62)  of  about  80-liter  capacity,  the  liquor  from  the  first  crystaUization 
coxning  back  into  65  in  the  same  manner  as  already  described. 
Evaporator  65,  therefore,  may  be  considered  as  the  "zero"  pot, 
with  the  barium  going  in  one  direction  and  the  radium  in  the  other. 
After  the  second  recrystaUization  in  the  smaller  pots,  the  material 
is  ready  to  go  to  the  laboratory,  the  ratio  of  radium  to  barium  varying 
from  4  to  10  parts  per  miUion.  The  whole  method  is  more  fully 
described  on  pages  76-86. 

The  crystalUzation  factor  of  hydrochloric-acid  solution  is  about  1.5 
to  1.6;  that  is  to  say,  if  50  per  cent  of  the  barium  chloride  is  removed, 
there  will  be  50  per  cent  more  radium  in  the  crystals  removed  than 
in  the  liquor  left  behind.  Owing  to  lack  of  equipment  only  two 
"minus"  crystallizations  have  in  the  past  been  given  in  acid  solution. 
The  average  radimn  content  of  the  liquor  thus  obtained  has  been  too 


76  BXTEAOTION  OF  BADltTM,  XJjRAimJM,  AKD  VANADIUM. 

high  to  discard,  averaging  during  the  past  few  months,  0.0679  milli- 
gram of  radium  per  liter  of  solution,  or  a  ratio  of  radium  to  barium 
of  187.5  parts  per  billion.  With  three,  or  even  two  more  "minus" 
crystallizations,  as  planned,  the  radiiun  content  of  this  material  could 
readily  be  reduced  so  that  the  final  liquor  could  be  discarded. 

In  actual  practice  up  to  September,  1915,  this  solution  has  been 
neutralized  with  ammonia,  preferably  filtered,  and  fractionated  in 
the  manner  already  described,  in  a  series  of  seven  bathtubs  shown 
at  62  in  Plate  VII.  The  head  batch  of  crystals  is  then  put  back  at 
a  suitable  point  in  the  acid  crystallizing  system  and  the  tailings 
either  discarded  or  used  as  barium  chloride  solution  for  the  precipita- 
tion of  fresh  batches  of  barium  sulphate  m  the  plant.  During  the 
past  few  months,  the  average  radium  content  of  the  tailings  discarded, 
or  used  as  described,  has  been  29  parts  per  biUion.  Ordinarily,  mate- 
rial having  40,  or  even  50,  parts  of  radium  per  billion  might  well  be 
discarded. 

At  all  necessary  stages  in  the  fractionation,  samples  are  taken  for 
the  determination  of  radium,  so  that  a  check  may  be  kept  on  the 
progress  of  the  work. 

LABOBATOBT  BEHNIBrO. 

Radium  of  any  desired  degree  of  purity  may  be  obtained  by 
fractional  crystallization  of  the  barium  solution,  first  as  chloride 
and  later  as  bromide.  The  radium  continues  to  be  enriched  in  the 
crystal  fractions  and  impoverished  in  the  successive  mother  liquors, 
as  already  described. 

The  salts  of  most  metals,  such  as  iron,  aluminiun,  and  vanadium, 
that  may  occur  with  the  radium-barimn  salt  as  impurities,  pass  into 
the  mother  liquors,  and  give  no  difficulty  in  the  enriching  radium 
fractions.  Lead  is  an  exception,  however,  and  requires  special  treat- 
ment. Where  barium  (radium)  sulphide,  after  reduction  from  sul- 
phate is  dissolved  in  hydrochloric  acid  solution  with  copious  evolu- 
tion of  hydrogen  sulphide  (see  p.  74),  one  might  expect  the  almost 
complete  removal  of  the  lead  content.  This  by  no  means  occurs,  no 
matter  what  precautions  are  taken  in  the  way  of  final  acid  concen- 
tration or  other  conditions,  such  as  have  been  prescribed  by  other 
authors.**  The  treatment  necessary  to  remove  all  lead  and  the  reasons 
for  its  seemingly  abnormal  action  are  discussed  in  a  subsequent 
section. 

Figure  5  shows  the  steps  of  the  concentration  system  employed  in 
the  laboratory. 

aEbler,  Erich,  and  Bender,  W.,  Sitzb.  Heidelberger  Akad.  Wias.,  Abt.  A,  Abh.  18,  pp.  6,  7;  Ztschr. 
anorg.  Chem.,  yol.  83, 1913,  pp.  152-153. 
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The  crude  barium  (radium)  chloride  received  from  the  plant,  con- 
taining 4  to  10  parts  of  radium  element  per  million,  is  dissolved  in 
water  in  large  porcelain  dishes  (PL  XIII,  A),  and  hydrochloric  acid 
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is  added  to  precipitate  as  much  lead  as  possible.  After  the  solution 
has  stood  over  night,  it  is  filtered  to  remove  lead  chloride  and  what- 
ever carbon  and  barium  sulphate  may  have  escaped  previous  filtra- 
tion. For  this  purpose  a  Schleicher  &  SchuU  50-om.  folding  filter  is 
used  repeatedly  (10  to  12  times)  until  clogged,  when  it  is  washed. 
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dried,  and  ignited  together  with  the  residue,  which  is  held  for  treat- 
ment to  recover  the  radium. 

The  filter  ash  and  residue,  after  the  passage  of  about  1,500  milli- 
grams of  radium  element,  weighed  9.5  kilograms  and  contained  37 
milligrams  of  radium,  or  about  2.5  per  cent  of  the  total  put  through. 
The  residue  would  therefore  contain  about  4  milligrams  of  radium 
per  kilogram,  being  considerably  richer  in  radium  than  the  original 
first  sulphates.  During  part  of  the  operations,  however,  the  residue 
ran  as  low  as  1  milligram  per  kilogram  (about  the  same  as  the  original 
first  sulphates),  which  shows  that  thorough  washing  can  reduce  the 
radium  ratio  at  this  point  to  that  in  the  original  insoluble  material. 

The  filtrate  is  made  up  to  an  8-liter  volume,  and,  after  a  sample  of 
0.01  c.  c.  has  been  taken  for  analysis,  the  filtrate  is  introduced  into 
the  chloride  crystallizing  system  in  the  vessel  designated  (JU)  in 
figure  5.  The  vessels  used  for  CU),  Cl-1,  and  01-2  (PL  XIII,  A) 
are  all  cast-iron  ware  lined  with  silica  and  were  obtained  from  the 
Danto-Rogeat  Co.,  of  Lyons,  France.  At  the  time  of  writing  (Sep- 
tember, 1915)  they  have  withstood  continuously  for  9  months 
hydrochloric-acid  solutions  which  were  boiled  for  several  hours  daily 
and  yet  show  little  or  no  deterioration.  The  pots  contain,  in  the 
order  named  above,  16.6,  13.6,  and  10  liters,  and  each  is  suited  to 
handling  about  2^  to  3  kilograms  of  bariiun  chloride  in  one  daily 
crystallization.  The  pots  are  mounted  on  iron-ring  tripods  and 
heated  with  peiforated-cap  gas  burners  5  inches  in  diameter  (see 
PL  XIII,  A). 

As  the  factor  of  enrichment  of  radium  chloride  from  bariiun  chloride 
and  also  of  radium  bromide  from  bariimi  bromide  is  more  favorable 
in  acid  than  in  neutral  solutions,  a  fair  acid  concentration  is  main- 
tained throughout  the  chloride  and  bromide  systems. 

As  indicated  in  figure  5  in  both  systems  the  crjrstals  moving  for- 
ward are  combined  with  mother  liquors  moving  backward  from  pots 
two  places  removed  from  each  other  in  the  system.  Another  advan- 
tageous feature  of  the  procedure  employed  consists  in  introducing 
the  new  material,  not  into  terminal  but  into  intermediate  vessels,  so 
that  the  system  may  be  shortened  or  lengthened  at  either  end  without 
disturbing  the  rest  of  the  system.  For  vessels  +i  and  +;?  in  the 
chloride  system  either  porcelain  or  fused  silica  vessels  may  be  con- 
veniently used. 

The  mother  liquor  from  C7— ;^  is  collected  in  100-liter  lots,  which 
are  analyzed  for  radium  and  barium  before  being  returned  to  the 
crystallizing  system  at  the  plant.  The  solutions,  which  are  saturated 
with  bariiun  chloride,  contain  0.16  to  0.32  gram  of  barium  chloride 
per  cubic  centimeter,  the  exact  quantity  depending  upon  the  degree 
of  acidity  maintained,  and  have  varied  in  radium  content  from 
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0.00001  to  0.00020  gram  of  radium  per  liter,  the  exact  content  depend- 
ing on  the  quantity  of  radium  accumulated  in  the  system  and  also  the 
acidity.  The  total  quantity  of  radium  thus  returned  to  the  plant  out 
of  1,500  milligrams  put  into  the  system  was  60  milligrams,  or  about 
4  per  cent. 

The  chloride  crystals  from  Cl-{-S  are  dissolved  in  water  without 
acid,  and  the  solution  from  two  daily  batches  is  brought  into  a  large 
glass  precipitating  jar  16  inches  high  and  8  inches  in  diameter  and 
made  slightly  ammoniacal.  Hydrogen  sulphide  is  passed  in  until 
the  precipitation  of  lead  is  complete  as  lead  sulphide.  This  sulphide 
is  filtered  and  collected  according  to  the  procedure  for  lead  chloride 
and  barium  sulphate  already  described,  and  analyzed.  The  amount 
of  lead  sulphide  thus  collected  diu'ing  the  treatment  of  1,500  milli- 
grams of  radiiun  was  700  grams,  which  contained  3  milligrams  of 
radium  or  0.2  per  cent  of  the  total  radium  involved.  The  lead  sul- 
phide is  stored  for  treatment  to  recover  the  radium.  Some  lead 
sulphide  was  collected,  after  sulphuric  acid  free  from  lead  had  been 
used  at  the  plant,  in  order  to  preserve  a  sample  of  lead  coming 
exclusively  from  a  lu'anium  mineral. 

REMOVAL  OF  liEAD. 

The  difficulty  of  removing  lead  has  already  been  mentioned. 
Attempts  to  precipitate  it  as  sulphide  even  from  sUghtly  acid  solution 
usually  result  in  obtaining  an  orange-red  precipitate,  which  is  a 
sulphochloride  of  composition  (PbS)a..PbCl3,  and  far  more  soluble  in 
acid  than  lead  sulphide;  hence  complete  precipitation  of  the  lead  is 
possible  only  in  anmioniacal  solution.  Explanation  of  this  action  is 
to  be  sought  in  the  high  cojicentration  of  barium  chloride  in  the 
solution  producing  such  a  high  concentration  of  CI'  ions  that  the 
dissociation  PbCl34=±Pba+  -f  a'?=iPb++  +  2C1'  is  ahnost  entirely  arrested 
at  the  intermediate  step.  The  absence  of  Pb"^  ions  and  the  readi- 
ness of  Pb^ClaS  to  form  according  to  the  equation  2PbCl+ + S"  =  PbjCljS, 
explains  the  impossibility  of  obtaining  lead  sulphide.  Precipitation 
of  PbjClgS  is  only  partial  so  far  as  lead  is  concerned  and  does  not  take 
place  unless  the  acid  concentration  is  low.  Complete  removal  of 
lead  as  normal  lead  sulphide  is  readily  accompUshed,  however,  by 
passing  hydrogen  sulphide  in  ammoniacal  solution.  The  loss  of 
radium  here  has  already  been  shown  to  be  only  0.2  per  cent, 

CONVERSION  TO  BBOMIDE. 

Into  the  filtrate  from  the  lead  precipitate  powdered  ammonium 
carbonate  is  introduced  gradually  with  vigorous  stirring  imtil  all  the 
barium  has  been  precipitated  as  carbonate.  Where  a  slight  excess  of 
reagent  is  added,  the  whole  is  allowed  to  stand  over  night  for  the 
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settling  of  the  barium  carbonate  and  the  thorough  precipitation  of 
the  radium  carbonate.  The  supernatant  solution  is  siphoned  off  as 
far  as  possible,  and  the  rest  goes  to  a  9*inch  Btlchner  funnel,  where 
it  is  filtered  and  washed  several  times  with  suction.  The  filtrate,  to- 
gether with  the  wash  water,  designated  *  'laboratory  carbonate  liquor, " 
is  stored  in  50-hter  lots  and  returned  into  the  acid  leach  liquor  at  the 
plant  to  recover  radium  and  assist  in  neutralization.  The  amount  of 
radium  in  the  liquor  is  surprisingly  low,  usually  0.001  to  0.003  milli- 
grams per  liter,  and  out  of  1,500  milligrams  of  radium  only  6.4 
milligrams,  or  0.4  per  cent,  remained  in  this  hquor.  In  most  lots  the 
amount  was  much  lower  than  this  average. 

TBEATMBNT  OF  BBOMIDES. 

By  inverting  the  Btlchner  funnel  the  barium  (radium)  carbonate 
precipitate  is  removed,  and  after  being  separated  from  the  filter  paper 
is  dissolved  in  chemically  pure  hydrobromic  acid  (20  to  35  per  cent) 
in  the  precipitating  jar  already  used.  The  Btlchner  funnel  and  the 
filter  paper  are  also  washed  with  1  to  1  hydrobromic  acid.  If  neces- 
sary, this  solution  is  again  filtered  and  washed  through  a  Btlchner 
funnel  and  then  introduced  directly  into  the  BrO  vessel. 

AH  the  vessels  used  in  the  bromide  crystallizing  system  (PI.  XIII,  B) 
are  of  fused  silica  ware,  which  can  be  more  safely  heated  by  free  flame 
than  porcelain  and  the  solution  in  silica  ware  '^ crawls''  less.  For 
BrO  the  12-inch  or  15-inch  dish  is  convenient;  for  Br—l  and  Br^-S 
the  12-inch  dish  is  sufficient,  and  the  sizes  fall  off  rapidly  in  the  plus 
direction  to  the  smallest  sihca  dishes  obtainable. 

The  degree  of  acidity  to  be  maintained  both  in  the  chloride  and 
bromide  crystallizing  systems  can  not  be  stated  definitely,  as  it  de- 
pends on  operating  conditions  and  must  be  left  somewhat  to  the 
judgment  of  the  operator.  In  general,  it  may  be  stated  that  the 
acid  concentration  should  be  maintained  as  high  as  consistent  with 
the  size  of  the  crystal  crop  to  be  obtained  and  the  quantity  of  acid 
fumes  that  can  be  conveniently  hberated. 

The  silica  vessels  in  the  bromide  system  are  heated  on  tripods 
with  bare  gas  flames  until  the  richer  fractions  are  reached,  when  the 
evaporation  is  carried  out  on  an  electrically  heated  water  bath 
in  which  only  distilled  water  is  used,  which  is  shielded  from  the  heat- 
ing coils  by  a  block-tin  protector.  In  case  of  an  accidental  loss  of 
radium  solution  into  the  bath,  all  the  water  can  be  drawn  off  and 
returned  into  the  system  just  before  the  treatment  with  hydrogen 
sulphide. 

The  evaporation  required  to  obtain  a  suitable  batch  of  crystals  may 
be  generally  regulated  by  concentrating  the  solution  until  vigorous 
fanning  just  b^ins  to  cause  the  formation  of  crystals  on  the  surface 
of  the  hot  solution.    Of  course,  the  higher  the  acid  concentration 
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the  more  generous  the  crystal  batch  will  be.  All  vessels  m  the 
chloride  system  are  aDowed  to  cool  over  night,  so  that  only  one  crys- 
tallization a  day  is  made  in  each  vessel  in  this  system.  In  the  bro- 
mide series,  in  which  the  vessels  are  smaller,  cooUng  and  crystalliza- 
tion  proceed  rapidly  enough  to  permit  several  batches  being  put 
through  in  a  day  if  desired.  In  warm  weather  the  use  of  an  ice  box 
to  contain  the  vessels  of  the  bromide  system  f acihtates  operation. 
The  vessels  of  the  bromide  system,  when  not  being  heated,  are  kept 
in  order  on  a  board  with  holes  of  sizes  suited  to  the  sizes  of  the 
various  dishes.     (PI.  XIII,  B.) 

The  barium-chloride  crystals  invariably  form  a  mat  on  the  bottom 
of  a  vessel,  from  which  the  mother  Uquor  is  drained  with  some  diffi- 
culty, whereas  the  bromide  crystals  form  in  heavy  individual  needles, 
from  which  the  mother  liquor  is  poured  off  clean  with  great  ease. 
Only  when  the  bromide  system  is  disturbed  by  the  presence  of  lead 
or  chloride  salts  or  when  it  contains  too  httle  acid  do  the  bromide 
crystals  fail  to  form  in  their  characteristic  habit.  Both  disturbing 
ii^uences  should  be  carefully  avoided,  as  radium  concentration  is  at 
once  retarded  if  the  bromide  crystals  do  not  retain  their  type. 

Owing  to  the  high  factor  of  enrichment  as  bromide,  the  radium 
content  of  the  mother  Uquor  from  jBr— j2  is  extremely  low.  Out  of 
about  1,400  milligrams  of  radiiun  treated  in  the  bromide  system, 
only  3  miUigrams,  or  0.2  per  cent,  went  back  into  this  final  bromide 
Uquor.  In  four  out  of  six  lots  the  radium  content  was  only  20  to 
30  parts  per  biUion  of  salt.  As  it  is  not  profitable  to  recover  radium 
at  a  concentration  below  40  parts  per  bilUon  parts  of  barium  salt, 
the  Uquors  were  treated  for  the  recovery  of  hydrobromic  acid  only. 
In  the  two  lots  exceeding  this  concentration  the  barium-radium  sul- 
phate obtained  in  the  acid  recovery  was  stored,  to  be  handled  as 
second  sulphates. 

The  method  of  recovering  hydrobromic  acid  from  the  final  bromide 
Uquor  just  mentioned  consists  in  adding  a  slight  excess  of  sulphuric 
acid  to  precipitate  aU  barium,  then  in  adding  a  sUght  excess  of  the 
original  barium-bromide  Uquor  to  remove  any  excess  of  sulphate, 
filtering  on  a  large  earthenware  Btichner  funnel,  and  distilling  off 
hydrobromic  acid  from  the  filtrate,  a  large  round-bottomed  glass 
flask  and  a  glass  condenser  being  used.  The  distiUation  is  repeated 
until  at  least  a  20  per  cent  acid  is  obtained. 

NUMBER 'OF  FRACTIONS   EMPLOYED. 

The  number  of  fractions  employed  in  the  plus  direction  in  the 
bromide  ^tem  varies  somewhat  with  conditions,  10  to  12  being  the 
usual  nimiber.    The  crystallization  is  conducted  in  such  a  way  that 
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the  barium  (radium)  bromide  collected  in  the  final  fraction  should  not 
fall  below  1  per  cent  of  radium  bromide,  and  sometimes  is  as  high  as 
4  per  cent.  The  total  weight  of  the  fraction  should  be  1  to  2  grains. 
The  factor  of  concentration  for  each  step  in  the  acid  bromide  system 
is  about  2  to  2.2,  and  in  the  acid  chloride  system  about  1.5  to  1.6. 

The  procedure  in  collecting  the  final  fraction  is  as  follows:  The 
mother  liquor  having  been  poured  back,  the  crystals  are  dried  in  the 
silica  crystallizing  dish,  first  on  the  steam  bath,  and  finally  in  an  air- 
drying  oven  at  105°  to  110°  C.  until  thoroughly  dry.  Tlie  crystals 
are  then  collected  in  a  previously-weighed  glass  tube  sealed  at  one 
end,  4  to  6  millimeters  in  internal  diameter,  and  of  sufficient  length 
to  contain  the  salt  and  permit  the  other  end  to  be  sealed  with  the 
blast.  The  total  weight  of  salt  is  determined  by  weighing  the  sealed 
tube  and  contents  together  with  the  detached  end.  The  salt  is  kept 
stored  in  the  tube,  and  gamma-ray  measurements  of  the  radiujn 
content  are  made  at  intervals  of  a  few  days  until  the  determination 
is  thoroughly  established.  When  a  nimiber  of  tubes  have  been 
collected,  they  are  opened  and  the  contents  combined  for  further 
fractionation. 

In  opening  tubes,  that  have  been  closed  for  several  weeks,  care 
must  be  taken  that  the  contents  shall  not  be  scattered  by  the  release 
of  gas  that  may  have  been  generated  by  the  chemical  action  of  the 
alpha  rays,  especially  if  the  salt  was  not  thoroughly  dried  when 
placed  in  the  tubes.  Two  precautions  may  be  taken — one  end  may 
be  drawn  out  to  a  capillary,  which  may  be  opened  first,  thus  reliev- 
ing the  pressure;  or  a  scratch  may  be  made  near  one  end,  which 
may  then  be  inserted  well  into  a  beaker  lying  horizontally  and  the 
tube  opened  by  a  hot  piece  of  glass  applied  to  the  scratch.  If  a  cap- 
illary end  is  provided,  it  is  preferable  to  have  this  so  narrow  that 
the  salt  crystals  can  not  enter  and  the  salt  will  remain  confined  in  a 
definite  length  of  tube,  one  not  too  great  for  accurate  gamma-ray 
measurements.  It  is  also  desirable  that  the  drying  and  sealing  of  a 
tube  shall  follow  crystallization  as  promptly  as  possible  in  order  to 
furnish  a  definite  zero  point  from  which  the  accumulation  of  gamma 
radiation  may  be  dated.  This  detail  is  more  fully  discussed  in  a  sub- 
sequent description  of  measurements  (p.  89). 

PROCEDURE   IN   HIGHER   FRACTIONATION. 

After  the  collection  and  measurement  of  the  salt  in  a  sufficient 
number  of  tubes  (usually  10  to  20),  the  higher  fractionation  may  be 
commenced.  If  the  percentage  of  radium  is  approximately  the  same 
in  all  tubes,  they  may  be  combined  into  one  solution;  if  not,  two  or 
three  solutions  are  made,  which  later  fall  iuto  the  crystallization  series 
in  their  proper  places. 
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As  a  guide  for  procedure  in  making  this  special  fractionation,  it 
has  been  found  convenient  to  assume  a  concentration  factor  of  2.0 
for  the  radium  enrichment,  which  means  briefly  that  if  one-half  of  the 
salt  is  crystallized  from  a  given  fraction,  two-thirds  of  the  radiiun  is 
contained  in  the  crystals  and  one-third  m  the  mother  liquor.  The 
advance  fractions  are  then  made  and  the  lower  ones  recombined  as 
su^ested  by  this  factor  until  it  is  thought  that  the  desired  products 
have  been  attained,  when  the  crystals  are  collected  and  sealed  as 
already  described  for  the  lower-grade  salt.  If  the  products  prove 
on  measurement  not  to  have  the  desired  percentage  of  radium,  the 
tubes  are  opened  again  and  either  the  salts  are  suitably  recombined, 
or  possibly  further  fractionation  is  carried  out. 

As  regards  the  higher  grade  salts,  one  additional  precaution  is 
observed  in  sealing  the  tubes,  namely,  a  small  platinum  wire  is  sealed 
through  one  end  of  the  tube  to  conduct  away  the  imipolar  charge 
that  may  collect  in  the  interior,  attaining  voltages  that  could  cause 
destructive  sparking.  Reports  are  on  record  of  serious  radiiun  losses 
having  resulted  through  neglect  of  this  precaution. 

BESULTS   OF  HIGHEB  FBACTIONATION. 

The  following  data  from  a  series  of  higher  fractionations  will  serve 
to  illustrate  the  procedure: 


Results  of  recrystallization  of  radiumrharium  bromide. 

BEFORE  RECRYSTALLIZATION. 


Tube  No. 

Wdghtofsalt. 

Ra. 

RaBrB2HtO. 

Of  ami. 

MiUiarams. 

Percent. 

31 

L1706 

19.9 

3.16 

32 

1.0873 

15.5 

2.65 

33 

l.fi074 

43.0 

6.30 

34 

1.4178 

31.6 

4.15 

35 

1.6326 

45.0 

5.13 

a36 

1.6355 

21.6 

2.46 

36 

1.9548 

23.3 

2.21 

37 

L4545 

2L8 

2.90 

1L8603 

221.7 

I>3.48 

AFTER  RECRYSTALLIZATION. 


C-1 

0.1630 

76.7 

87.8 

C-2 

L0983 

107.3 

18.2 

C-3 

.•8732 

31.7 

6.7 

(M 

.7101 

4.17 

1.1 

0-5 

1.0265 

.62 

.11 

C-6 

1.7256 

1.56 

.16 

C-7 

3.5449 

.43 

.02 

C-8 

2.0398 

.12 

.01 

C^ 

.4542 

.07 

11.6356 

222.67 

a  Special. 


b  Average. 
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As  wfll  be  noted,  the  total  weight  of  salt  at  the  start  was  11.86 
grams,  and  after  recrystallization  11.64  grams.  The  difference  was 
due  to-material  adhering  to  crystallizing  dishes  in  the  poorer  fractions. 
The  total  Ra  at  the  start  was  221.7  milligrams,  and  after  recrystal- 
lization 222.67  milligrams.  The  difference  was  due  to  a  difference 
ux  measurements. 

Tubes  C-1,  C-2,  and  C-3  were  the  fractions  preserved,  the  others 
were  returned  into  the  crystallizing  system  at  suitable  points. 

COMMENTS  ON  RESULTS. 

In  beginning  this  series,  tubes  33,  34,  and  35  were  combined  and 
recrystallized  in  twelve  *'head"  fractions  directly  to  tube  C-1.  To 
the  first  mother  liquor  from  tubes  33,  34,  and  35  were  added  the 
contents  of  the  other  tubes,  Nos.  31,  32,  36,  and  37.  This  series  was 
carried  in  about  15  recrystaUizations  up  to  tube  G-2.  The  other 
lower  fractions  in  the  C  series  were  obtained  by  further  fractionation 
and  combination  of  the  mother  liquors,  as  su^ested  by  the  factor  2.0. 

In  general,  the  fractionation  of  radiimi  bromide  from  barium 
bromide  by  means  of  crystallization  is  simple  and  suire.  No  especial 
skill  of  the  operator  is  required,  as  many  authors  lead  one  to  believe, 
nor  does  it  seem  possible  that  the  substitution  of  other  processes,  such 
as  the  adsorption  of  radium  by  means  of  colloidal  gels  or  the  fractiona- 
tion of  radium  in  concentrated  alkaline  solution  would  prove  advan- 
tageous. The  applicability  of  such  methods  should  be  regarded  as 
doubtful  until  demonstrated  on  an  actual  working  scale.  There  is  a 
wide  difference  between  commercial  operation  and  the  extraction  of  a 
smaU  quantity  of  radium  in  the  laboratory. 

The  time  of  only  one  man  continuously  is  required  to  carry  on  the 
laboratory  refining  through  the  system  indicated  in  figure  5,  and  the 
time  of  one  additional  man  is  required  for  four  to  six  days  each  time 
the  higher  fractionation  is  performed. 

ADSOBPnON   OP  RADIUM. 

Contrary  to  rather  widely  entertained  views,  the  production  of  a 
precipitate,  or  the  presence  of  one,  in  a  radium-barium  solution  does 
not  necessarily  involve  the  adsorption  of  considerable  quantities  of 
radium  from  solution.  As  has  already  been  pointed  out,  the  pre- 
cipitation of  700  grams  of  lead  sulphide*  in  ammoniacal  solution  car- 
ried with  it  only  3  out  of  1,500  milligrams  of  radium.  The  recent 
principle  of  adsorption  established  by  the  work  of  Paneth"  points 
out  that  any  serious  removal  of  radiiun  should  be  expected  only  in  case 
the  radium  forms  an  insoluble  salt  with  the  negative  radical  of  the 
adsorbent.     Without  entering  at  present  into  discussion  as  to  whether 

«  Phyalk.  Ztachr.,  vol.  15. 1914,  pp.  924-929;  Ztechr.  physik.  Chem.,  vol.  89, 1915,  pp.  513-^06. 
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this  removal  is  really  due  to  adsorption  or  to  ordinary  chemical 
precipitation,  it  is  interesting  to  note  that  the  failure  of  radium  to  be 
removed  as  sulphide,  together  with  lead,  accords  well  with  its  chem- 
ical nature,  as  one  would  expect  radiiun  sulphide  to  be  soluble.  On 
the  other  hand,  the  completeness  of  its  removal  as  carbonate,  which 
is  to  be  expected,  has  been  shown  by  the  fact  that  only  6.4  out  of 
1,500  milligrams  of  radium  element  passed  into  300  liters  of  filtrate. 
Even  if  bariimi  sulphate  is  present  in  or  is  precipitated  in  a  solu- 
tion containing  radium,  the  removal  of  the  radiimi  is  small  provided  a 
large  excess  of  barium  is  present.  A  discussion  of  the  ** protective" 
action  of  barium  appears  in  the  section  on  measurements  (p.  92). 

ACCUMULATION  OF   BADIUM   IN   LABORATOBY  CBYSTAIXIZINQ 

SYSTEM. 

It  is  desirable  to  allow  several  hundred  milligrams  of  radium  to 
acciunulate  in  the  crystallizing  system.  This  accumulation  tends  to 
increase  gradually  unless  special  preventive  means  are  taken,  such  as 
crystallizing  out  special  fractions  without  corresponding  introduc- 
tion of  fresh  material.  The  following  table  serves  to  show  the 
results  of  operating  the  system  during  a  period  of  about  one  month: 

Third  balance  sheet  for  radium  in  laboratory-crystallisting  system. 


Tube 
No. 


Date. 


1915. 
Balance  after 


38.. 

39.. 

40.. 

41.- 

42.. 

43.. 

44.. 

45. 

46. 

47. 


48. 


Weiehtof 

radium 

introduced. 


Total 
weight  of 
salt  with- 
drawn. 


Weight  of 

raolum 

withdrawn. 


MUHgrams.      Orams.      lUmgratM. 
delivery  of  radium  on  Apr.  1 

/Mar.  12..  15.3    ~ 

\l£ar.l6..  16.7 

ar.l3..  11.2 

lCar.l5..  25.0 

:ar.l7..  22.8 

Mar.  18..  10.4 

r.20..  18.5 

Mar.  22..  16.8 

:ar.23..  14.3 

Mar.  24..  17.6 

.25..  16.5 

Mar.  26..  19.5 

:ar.27..  20.0 

Mar.  29..  9.9 

Apr.l...  12.1 

Apr.  2...  15.3 

Apr.  3...  12.7 

Apr.  5. . .  10. 5 

Apr.  6...  8.5 

Apr.  7...  11.1 

'Apr.  8...  11.5 

Apr.9...  8.6 


\      1.463 

26.7 

1   2.103 

'41.5 

1   2.751 

25.2 

1   .0915 

20.4 

\     1.551 

17.7 

\     1.100 

19.8 

1   1.094 

22.4 

\     1.760 

30.8 

1   1.631 

41.7 

\       .938 

23.8 

}   1.467 

33.0 

Balance  of 

radium 
in  system. 


MiUigravM. 

271.8 
277.1 

272.7 

289.7 

304.6 

318.8 

335.0 

342.5 

330.1 

320.6 

316.4 

303.5 


Changes  in  the  richness  of  the  deliveries  into  the  system  affect 
concentration  in  the  higher  fractions  with  a  certain  lag.  The  distri- 
bution of  radium  in  the  different  vessels  of  the  system  is  somewhat 
accidental,  dependent  on  the  size  of  fractions  taken,  acidity,  and 
other  conditions  that  may  vary  from  time  to  time,  but  in  general, 
radium  tends  to  accumulate  in  the  —1,0,  and  + 1  fractions  both  in 
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the  chloride  and  bromide  systems.  The  total  accmnulation  in  the 
bromide  is  greater  than  in  the  chloride  system  on  account  of  its 
greater  munber  of  fractions,  the  higher  solubility  of  barium  bromide, 
and  the  higher  degree  of  concentration  of  the  radium. 

All  the  refining  operations  described  in  this  section  are  carried  out 
in  a  room  12  by  20  feet.  The  vessels  of  the  chloride  system  are 
handled  over  a  large,  shallow  copper  trough  to  prevent  possible  loss 
of  solution  by  *' crawling,"  possible  breaks,  or  other  accidents. 
Incidentally,  it  may  be  mentioned  that  the  refining  work  up  to  the 
present  has  been  notably  free  from  misfortunes,  and  that  no  serious 
losses  of  radimn  have  ever  occurred.  Although  a  hood  is  not  neces- 
sary, it  would  sometimes  prove  advantageous  in  carrying  off  acid 
fumes.  Usually,  however,  solutions  are  not  sufficiently  concentrated 
for  the  acid  fumes  to  become  very  objectionable. 


CHAPTER  V.  RADroM  MEASUREMENTS. 

One  of  the  most  essential  factors  in  the  successful  production  and 
concentration  of  radium  consists  in  following  the  material  being  con- 
centrated; by  means  of  careful  quantitative  determinations,  through 
all  the  various  operations  from  the  original  ore  to  the  final  product. 
This  involves  the  radioactive  analysis  of  a  large  number  of  products 
differing  widely  in  chemical  and  physical  properties  and  also  varying 
in  radium  content  through  more  than  a  billion  fold. 

As  is  well  known,  elements  possessing  radioactivity  can  bo  detected 
and  even  quantitatively  measured  in  quantities  far  below  the  limits 
of  any  methods  based  on  other  properties.  This  fortunate  property 
more  than  any  other  makes  possible  the  concentration  of  an  element 
from  an  ore  containing  about  1  part  in  200  miUions,  by  weight,  to  a 
product  of  any  desired  purity,  up  to  100  per  cent,  with  a  total  loss 
not  exceeding  15  per  cent. 

In  the  course  of  the  work  described  in  this  bulletin,  the  principles  of 
existing  methods  of  radioactive  measurement  have  been  employed, 
but  both  instruments  and  methods  have  been  modified  to  meet  the 
practical  requirements  of  plant  control.  One  of  the  first  principles 
recognized  is  that  there  is  no  universal  method  of  radium  determina- 
tion at  present  and  that  each  product  requires  study  and  individual 
treatment  suited  to  its  own  pecuhar  chemical  and  physical  character- 
istics. Nevertheless  effort  Jias  been  made  as  far  as  possible  to  unify 
and  standardize  the  methods  employed.  Simphcity  of  procedure  as 
far  as  consistent  with  accuracy  has  been  the  object  sought,  and  the 
methods  herein  described  are  the  result  of  large  numbers  of  deter- 
minations made  during  more  than  a  year  of  plant  operation. 

Three  general  methods  of  radium  measiu'ement  have  been 
employed:  An  alpha-ray  method  suitable  for  solids  of  low  radiimi 
content,  where  no  great  degree  of  accuracy  is  desired;  a  gamma-ray 
method  suitable  for  sohds  with  a  comparatively  high  radium  con- 
tent, where  accuracy  is  desired;  and  an  emanation  method,  suitable 
to  any  substance  from  which  the  radium  emanation  can  be  quantita- 
tively liberated,  and  in  the  use  of  which  an  accuracy  of  1  to  2  per  cent 
is  obtainable. 

APPROXIMATE  METHOD  FOB  SOLIDS. 

A  simple  method  of  obtaining  an  approximate  idea  of  the  radium 
content  of  a  solid  susbtance  not  too  high  in  activity  consists  in  com- 
paring its  surface  radiation  with   that  of  a  standard   substance.^ 

a  See  Moore,  R.  B.,  and  KXthSLf  K,  L.,  A  preLiminary  report  on  oranlum,  radium,  and  vanadium:  Bull. 
70  Bureau  of  Mines,  1914,  pp.  04-46. 
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The  activity  thus  measured  is  essentially  that  of  the  alpha  or  non- 
penetrating rays.  Although  the  result  obtained  may  be  accurate 
so  far  as  the  surface  radiation  is  concerned^  there  is  evidently  no 
certainty  that  this  indication  closely  approximates  the  radium  content 
of  the  solid.  For  some  ores,  especially  those  ores  of  closely  similar 
origin  and  general  character,  the  comparison  furnishes  satisfactory 
results,  but  with  other  ores  the  deviation  becomes  great,  on  account 
of  the  differences  in  the  nature  of  the  gangue  material,  the  radium 
distribution,  the  "emanating  power,''  and  other  variable  factors. 

Consequently  it  is  evident  that  the  method,  although  possessing 
the  advantage  of  simplicity,  has  no  great  degree  of  accuracy. 

Actually  it  has  been  used  in  the  present  work  in  two  instances 
only — ^f or  control  of  the  ore  sorting  at  the  mines  and  for  the  examina- 
tion of  the  residue  after  nitric-acid  extraction  of  the  ore  in  the  plant. 
As  mentioned  subsequently,  the  tailings,  on  account  of  their  low 
radijom  and  high  silica  content,  present  great  difficulty  of  treatment 
by  the  emanation  method.  For  this  reason,  and  also  because  the 
low  percentage  of  radium  in  the  tailings  allows  a  considerable  rela- 
tive deviation  without  invalidating  the  absolute  results,  it  has  been 
foimd  in  most  cases  convenient  to  use  the  solid  method  in  testing 
the  tailings  for  radium.  The  determinations  have,  however,  been 
checked  occasionally  against  those  obtained  by  the  emanation 
method. 

The  procedure  consists  simply  in  comparing  the  activity  of  the 
tailings,  after  they  have  been  allowed  to  dry  for  a  few  days,  with 
the  activity  of  the  original  ore,  both  tailings  and  ore  being  spread 
over  the  same  area  on  a  plate  introduced  directly  into  the  soild 
electroscope.'* 

GAMMA-BAY  MBAST7BBMENT  OF  BADIUM. 

The  most  accurate  method  for  the  determination  of  radium  in  salts 
containing  an  absolute  quantity  of  not  less  than  0.1  milligram  of 
radium,  and  having  a  concentration  of  at  least  0.05  per  cent  is  the 
gamma-ray  method.  This  method  involves  comparing  the  rate 
of  electroscopic  discharge  produced  by  the  gamma  radiation  from  a 
standard  salt  containing  a  known  amount  of  radium  with  the  gamma 
radiation  of  an  imknown  salt,  the  conditions  of  measurement  being, 
of  course,  identical. 

A  standard  tube  should  have  its  radium  content  determined  by  a 
careful  comparison  with  the  international  standard  or  one  of  the  sub- 
sidiary standards.  The  Federal  Bureau  of  Standards  possesses  a 
standard  tube  containing  20.28  milligrams  of  radium  chloride,  or  15.44 
milligrams  of  radium  element,  by  comparison  with  which  the  standard 

a  See  Moore,  R.  B.,  and  lathil,  K.  L.,  loo.  cit. 
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tube  of  the  National  Radium  Institute  measured  10.56  milligrams  of 
radium  element. 

If  the  thickness  of  glass  of  the  containing  tube  differs  from  that  of 
the  standard,  a  correction  of  about  1  per  cent  per  1  millimeter  differ- 
ence of  thickness  should  be  applied.  In  accurate  work  a  correction 
for  the  length  of  tube  should  also  be  made,  which  will  vary  with  the 
distance  from  the  electroscope.  This  correction  may  be  determined 
in  various  ways.  It  has  been  f oimd  convenient  for  the  purposes  of 
the  Denver  laboratory  to  approximate  the  correction  by  shifting  the 
standard  from  its  normal  position  tmtil  one  end  coincides  with  the 
position  that  the  end  of  the  imknown  would  take.  The  percentage 
decrease  in  activity  owing  to  slightly  increased  distance  of  the  ends 
from  the  instrument  thus  determined,  may  be  applied  as  a  positive 
correction.  Or,  if  preferred,  the  correction  may  be  determined  once 
for  aU  for  tubes  of  various  lengths  containing  the  same  quantity  of 
radiimi  at  several  distances  from  the  instrument. 

The  precautions  to  be  used  in  sealing  the  salts  in  glass  tubes  have 
already  been  described  (pp.  82--83).  Only  after  a  given  tube  has  been 
sealed  for  one  month  or  more  is  its  gamma  radiation  proportional  to 
its  radium  content.  In  making  measiu'ements  of  tubes  sealed  for  a 
shorter  time,  account  must  be  taken  of  the  percentage  rate  of  accimiu- 
lation  of  emanation  (and  consequently  the  gamma  radiation)  accord- 
ing to  the  expression  /|  =  1  —  6""^,  in  which  i  is  the  percentage  accu- 
mulated at  any  time,  t,  e  ia  the  base  of  the  Naperian  logarithms, 
X  is  the  decay  constant  of  radium  emanation  =  0.0075  (hour)"*. 
The  function  c  ^  for  various  time  intervals  is  solved  in  the  Kolow- 
rat  Table  A.*» 

If  the  gamma-ray  measurement  must  be  made  within  a  few  days 
after  the  tube  has  been  sealed,  the  importance  of  a  sharply  defined 
starting  point  for  the  accumulation  can  be  appreciated  (see  p.  82). , 
If  the  assumed  starting  point  is  correct,  two  separate  measurements 
at  different  time  intervals  will  be  in  accord;  if  not,  a  new  theoretical 
starting  point  must  be  determined  as  follows:  The  percentage  in- 
crease in  activity  between  the  first  and  second  measurements  is 
determined.  Clearly  there  is  only  one  period  during  which  this 
increase  can  take  place  in  the  given  interval  of  time,  which  can  be 
found  by  consulting  the  Kolowrat  table.  This  figure  establishes  the 
the  corrected  zero  point,  from  which  the  two  time  intervals  are 
reckoned  anew  and  applied  to  the  radium  measurement.  A  third 
measurement  at  yet  another  interval  will  serve  to  test  the  correctness 
of  the  new  zero. 

Measurements  made  in  this  way,  after  only  two  days  of  accimiu- 
lation,  have  agreed  within  1  per  cent  with  the  measurements  made  by 

a  Kolowrat,  L6on,  Le  Radium,  vol.  6,  1910,  pp.  195-196;  also  Curie,  Mme.,  Tiait4  do  RadJoacttvltd 
VOL  2,  pp.  361-363;  and  Chendker  Kalender,  1914,  vol.  2,  pp.  361-362. 
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the  Bureau  of  Standards  after  a  much  longer  lapse  of  time.  The 
final  accuracy  of  the  gamma-ray  method  is  considered  to  be  0.3  per 
cent. 

Almost  any  form  of  electroscope  can  be  employed  for  the  gamma- 
ray  measurement  by  placing  between  the  electroscope  and  the  source 
of  radiation  a  lead  screen  one-eighth  to  one-fourth  inch  thick.  The 
screen  should  preferably  be  nearer  to  the  electroscope  than  to  the 
radimn  tube.  The  interchangeable  electroscope  (see  p.  99)  with  an 
ordinary  emanation  chamber  has  been  used  satisfactorily. 

However,  for  the  sake  of  convenience,  a  special  gamma-ray  instru- 
ment has  been  designed  by  the  authors  for  these  measurements  (see 
PI.  XrV,  A).  It  consists  of  a  cylindrical  discharge  chamber,  also  con- 
taining the  leaf  system,  mounted  on  a  wooden  base  about  3^  feet 
long.  The  telescope  is  fixed  directly  into  the  ionization  chamber, 
which  is  provided  with  a  small  window  in  the  opposite  side  for  the 
transmission  of  light.  The  cylinder  is  of  brass  with  an  interior  lead 
lining  one-eighth  of  an  inch  thick,  besides  which  an  additional  lead 
plate  (one-fourth  of  an  inch  thick)  is  provided  outside  the  chamber, 
which  may  be  removed  if  desired.  The  holder  for  the  radium  tube 
is  mounted  on  a  track  running  the  full  length  of  the  3-foot  graduated 
extension,  and  along  which  it  may  be  fixed  at  any  point  by  means 
of  a  set  screw.  The  tube  holder  itself  is  a  grooved  metal  rod,  in 
which  the  tube  is  held  in  a  horizontal  position  opposite  the  middle 
of  the  discharge  chamber  by  a  single  narrow  spring  clamp.  The 
groove  is  graduated  from  its  center  in  both  directions  to  facihtate 
centering  the  tube  and  making  length  corrections. 

The  electroscopic  procedure,  with  respect  to  charging  before  use, 
and  determination  of  the  natural  leak,  is  identical  with  that  described 
in  detail  for  the  emanation  method  (see  p.  103). 

In  general,  the  gamma-ray  method  is  simple  and  satisfactory. 
Its  accuracy  may  be  judged  from  the  data  contained  in  the  table 
on  page  83,  in  which  all  the  radium  data  reported  were  obtained 
through  its  use.  As  camotite  is  free  from  thoriimi,  no  complications 
arise  from  the  presence  of  mesothorium  in  the  radium  salts. 

RADIUM  DETERMINATION  BT  EMANATION  METHOD. 

The  determination  of  radium  by  the  emanation  method  involves 
separating  radium  emanation  (as  a  gas)  from  its  parent  radium,  and 
measurii^  its  quantity  in  a  gas-tight  electroscope  previously  stand- 
ardized with  a  known  amount  of  radimn  emanation.  Analyzed 
pitchblende  has  been  employed  to  furnish  known  quantities  of 
emanation  for  purposes  of  standardization. 

Three  general  methods  of  procedure  may  be  used  as  follows: 
(1)  Release  and  measure  the  emanation  from  a  substance  in  which 
it  is  in  equihbrium  with  the  radium  content.    This  condition  will 
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B.  ELECTROSCOPE  WITH  INTERCHANGEABLE  IONIZA- 
TION CHAMBER.  THE  ELECTRIC  LIGHT  SOCKET  AND 
WIRE  ABOVE  THE  INSTRUMENT  ARE  NOT  PART  OF  IT. 
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usually  not  be  fulfilled  unless  the  substance  has  been  retained  for  a 
month  or  more  in  a  closed  container.  In  exceptional  instances, 
however,  the  radium  might  be  contained  in  a  soUd  of  such  compact 
structure,  or  with  a  glazed  surface,  so  that  no  spontaneous  loss  of 
emanation  could  take  place.  But  even  with  a  dense  mineral  like 
pitchblende,  the  leak  of  emanation,  called  '' emanating  power/' 
amounts  at  ordinary  temperature  to  several  per  cent.  This  circum- 
stance suggests  the  second  procedure. 

(2)  Liberate  and  measure  the  emanation  retained  in  the  soUd  and 
apply  as  correction  the  "emanating  power,"  which  must  be  deter- 
mined separately  and  preferably  after  the  soUd  has  been  in  a  closed 
retainer  for  one  month. 

Both  of  the  above  procedures,  applicable  in  general  to  solids  only, 
involve  in  practice  long  delays,  and,  although  they  are  adapted  to 
scientific  investigation,  they  are  not  suited  to  radium  measurement 
for  purposes  of  plant  control  when  quick  results  are  desired.*  The 
following  procedure  is  shorter  and  probably  preferable  when  its  use 
is  possible. 

(3)  Remove  the  emanation  completely  from  a  sample  of  the  sub- 
stance to  be  analyzed  for  radium,  close  it  at  once  in  a  gas-tight  vessel, 
and  allow  the  emanation  to  accumulate  for  a  convenient  period  (one 
to  ten  days).  Then  remove  it  and  measure  it,  making  a  time  correc- 
tion to  find  the  maximimi  amount  that  would  have  been  formed  on 
the  attainment  of  equiUbrium. 

For  removal  of  emanation  the  radium  must  be  contained  either  in 
solution  or  in  a  state  of  fusion. 

Some  substances,  Uke  camotite,  can  be  de^manated  merely  by  heat- 
iog  t-o  a  high  temperature,  but  camotite  can  not  be  de^manated  a 
second  time  in  this  way,  as  the  first  heating  changes  its  physical  state 
so  that  a  second  heating  does  not  produce  complete  de&manation; 
hence  heating  can  be  used  only  in  the  month-accumulation  method. 

The  removal  of  emanation  from  a  solution  may  be  accompUshed  by 
aspiration  or  preferably  by  boiling.  Only  the  latter  has  been  used 
by  the  authors  and  is  described  subsequently.  Removal  from  a 
fusion  may  be  accomplished  by  passing  air  or  some  other  gas  over 
the  fusion,  but  it  is  preferable  to  bubble  air  through  the  fused  mass 
or  to  produce  in  it  an  evolution  of  gas  to  insure  the  complete  removal 
of  radium  emanation. 

PBOGBDI7BB  WHEN  BADIUH  IS  IN  SOLT7TION  OB  IN  A  SOLX7BLB 

FOBM. 

The  determination  of  radiimi  in  a  solution  can  generally  be  con- 
veniently carried  out  directly  if  a  few  precautions  are  carefully  ob- 
served.    It  has  been  repeatedly  noted  that  radium  solutions  show 

•  Far  farther  detafls  of  the  practice  in  the  use  of  methods  1  and  2,  see  Llnd,  S.  C,  and  Whittemore, 
C.  F.«  The  ladiimiriiianimn  ratio  in  caznotites:  Tech.  Paper  88,  Bureau  of  Kines,  1916,  pp.  10-20. 
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some  tendency  to  lose  radium  from  a  solution  on  standing,  a  phenom- 
enon that  manifests  itself  in  a  decrease  of  the  successive  quantities  of 
emanation  that  can  be  obtained  from  the  solution.  This  tendency 
of  radium  solutions  has  resulted  in  the  almost  complete  abandonnient 
of  the  practice  of  preserving  the  solutions  over  long  periods  of  time 
for  standardization  purposes,  a  practice  that  produced  serious  errors 
in  some  earlier  work.  The  loss  is  to  be  attributed  to  precipitation  or 
adsorption  in  a  form  that  will  not  readily  give  up  its  emanation.  In 
general,  the  presence  of  precipitates  or  suspensions  in  the  solution 
should  be  avoided,  though  this  source  of  error  has  frequently  been 
exaggerated. 

Loss  of  radium  by  precipitation  through  small  amounts  of  sulphate^ 
originating  either  in  the  glass  walls  of  the  containers  or  in  the  reagents, 
should  be  guarded  i^ainst.  For  analytical  purposes  a  suitable  pre- 
ventive measure  is  adding  a  large  excess  of  ''  protective  barium."  On 
account  of  the  chemical  similarity  of  barium  and  radium  any  precip- 
itant that  affects  the  radium  will  be  removed  by  the  large  excess  of 
bariimi,  or,  rather,  radium  and  barium  wUl  be  precipitated  in  the  same 
proportion  in  which  they  occur  in  solution,  and  therefore  only  a 
minimal  quantity  of  radium  is  removed.  I\urthermore,  it  is  desirable 
that  the  solution  contain  nitric  acid  up  to  the  solubility  limit  of 
bariimi  nitrate,  which  is  rather  low  in  the  presence  of  nitric  acid  of 
50  per  cent  strength.  The  object  of  the  nitric  acid  is  to  prevent  the 
removal  of  radium  as  basic  salt,  which  may  be  formed  in  neutral 
chloride  or  bromide  solutions  by  the  action  of  the  alpha  particles; 
hot  concentrated  nitric  acid  also  has  the  well-known  property  of  ren- 
dering barium  (radium)  sulphate  more  soluble  (see  p.  28). 

The  two  essentials  in  handhng  radium  solutions  for  analytical 
pinposes  consist,  then,  in  maintaining  an  excess  of  barium  and  a 
fairly  high  concentration  of  nitric  acid.  Following  are  described 
treatments  for  three  kinds  of  solutions,  under  one  of  which  any 
given  solution  will  be  included.  The  reasons  for  the  prescribed 
treatment  will  be  dear  from  the  foregoing  discussion. 

TREATMENT  FOB  SOLUTION  CONTAINING  BARIUM  IN  LABGE  EXCESS 

OVEB  BADIUM. 

For  a  solution  containing  barium  in  large  excess  over  radium  the 
treatment  is  as  follows: 

Place  a  suitable  portion  of  the  solution — such  as  will  contain  about 
1 X  10~*  gram  of  radium — ^in  a  small  Jena  flask;  and  add  to  it  a 
suitable  quantity  of  1 : 1  nitric  acid.  Add  a  few  glass  beads,  and  boil 
5  to  10  minutes  to  remove  all  emanation.  Allow  slight  cooling  and 
then  close  the  flask  tightly  with  a  one-hole  rubber  stopper  provided 
with  a  glass  tube  drawn  out  above  to  a  capillary  tip.    Seal  the  tip 
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while  some  steam  is  still  in  the  flask^  in  order  to  provide  a  partial 
vacuum^  which  should  be  maintained  imtil  the  flask  is  again  opened, 
thiis  affording  a  proof  that  no  outward  leak  of  gas  has  taken  place. 
Note  the  exact  time  and  date  of  sealing. 

TREATMENT  FOB  SOLtTTIONS  CONTAINING  LITTLE  OB  NO   BABIUM. 

The  treatment  for  a  solution  containing  little  or  no  bariiun  is  to  add 
a  suitable  portion  to  1 : 1  nitric  acid  which  is  saturated  with  barium 
nitrate;  and  to  proceed  as  in  the  treatment  described  above. 

TREATMENT  FOB    SOLUTION  CONTAINING  NO  BABIUM    BUT  AN  EXCESS 

OF  A  BABIUM  PBECIPITANT. 

A  solution  that  contains  no  barium  but  an  excess  of  bariiun 
precipitant,  such  as  sulphate  or  carbonate  is  usually  a  filtrate  from  a 
radimn-barium  precipitation,  and  requires  especially  careful  treatment; 
otherwise  highly  erroneous  results  wiU  be  obtained.  If  such  a  solution 
were  boiled  off  and  sealed  directly,  the  results  would  usually  be  low, 
as  much  as  tenfold,  and  the  solution  would  continue  to  decrease  in 
emanating  power  the  longer  it  remained  standing.  This  behavior 
has  led  the  authors  to  the  belief  that  in  the  precipitation  of  radium  in 
low  concentration,  or  at  any  rate,  its  removal,  whatever  the  process, 
is  a  progressive  time  reaction.  On  the  other  hand,  unduly  high 
results  may  be  obtained,  especially  in  usii^  the  correct  procediu'e, 
if  the  sampling  has  been  incorrect,  for  example,  when  too  much  of 
the  fine  (frequently  invisible)  precipitate  relatively  rich  in  radium 
has  been  obtained  in  a  given  fraction  of  the  Uquor. 

Such  a  relatively  rich  fraction  might  easily  be  obtained  in  siphoning 
the  liquid  from  above  a  sulphate  precipitate,  if  the  sample  of  lid  aid 
were  taken  near  the  end  of  the  process.  It  has  been  found  necessary 
to  take  samples  at  intervals  during  the  entire  siphoning  process  and 
to  make  a  composite  solution. 

FBOCEDUBE   FOB  LIQUIDS   CONTAINING  EXCESS   OF  SULPHATE  OB 

CABBONATE. 

The  detailed  procedure  for  treating  a  liquid  containing  an  excess  of 
sulphate  or  carbonate,  but  no  barium,  is  as  follows:  An  excess  of 
barium  salt  is  added  to  the  liquid,  and  the  precipitate  is  filtered  off. 
The  filtrate  containing  an  excess  of  barium  is  made  acid  with  nitric 
acid  to  the  point  of  precipitation,  and  is  given  the  treatment  out- 
lined for  a  solution  containing  barium  in  large  excess  over  radium. 
The  precipitate,  if  barium  sulphate,  is  fused  with  four  to  five  times  its 
weight  of  a  fusion  mixture  (1:1  Na^CX),  and  K^CXDa),  and  is  treated  as 
described  later  for  fusions.  If  the  precipitate  is  barium  carbonate,  it 
is  dissolved  in  nitric  acid  containing  sufficient  sulphuric  acid  to  pre- 
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cipitate  an  amount  of  barium  sulphate  convenient  for  fusion,  which 
is  filtered  off.  The  filtrate  that  is  obtained  may  be  combined  with 
the  original  filtrate,  and  given  the  treatment  as  described  for  a  solu- 
tion containing  barium  in  large  excess  07er  radiiun.  All  radium  is 
then  contained  either  in  the  filtrate  with  excess  of  barium  or  in  the 

fused  precipitate.   Both 
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FiGUBB  6.— Laboratory  apparatus   for 

sulphate. 


fusing   radium-barium 


of  these  fractions  are 
closed  simultaneously 
(within  15  minutes) ,  so 
that  the  time  of  accu- 
mulation will  be  the  same  for  both  lots  of  emanation,  which  can  be 
later  introduced  into  one  electroscope  to  determine  the  total  radium. 

FUSION  METHOD  FOB  BADIUM  DBTEBMIKATION. 

If  the  radium  is  contained  in  a  substance  not  readily  soluble,  such  as 
a  radiimi-barium  sulphate,  fuse  a  suitable  quantity  in  a  small  platinum 
or  porcelain  boat  with  four  to  five  times  the  weight  of  sodium  or  potas- 
sium carbonate,  and  note  the  exact  time  of 
cooling,    dose  this  boat  in  a  glass  tube  as 
shown  in  figure  6.    Allow  the  emanation  to 
accumulate  two  or  more  days.   Connect  the 
glass  tube  at  one  end  to  a  highly  exhausted 
electroscope  and  at  the  other  end  to  a  stop- 
cock.   Break  the  glass  tips  inside  the  rub- 
ber connection,  and  exhaust  the  air  from 
the  glass  tube  into  the  electroscope  several 
times,  leaving  enough  vacuum  in  the  elec- 
troscope chamber  to  accommodate  the  gas 
to  be  introduced  later.    Break  the  glass 
tube,  remove  the  boat  and  its  contents,  wrap 
in  a  filter  paper,  and  place  in  the  neck  of 
a  flask  as  shown  in  figure  7 ;  it  is  then  ready 
for  treatment  with   1:1   nitric  acid  after 
the  flask  has  been  connected  with  the  gas 
burette,   as   shown  in  figure  8.     In   this 
treatment  the  flask  is  tipped  until  the  acid 
comes  in  contact  with  the  carbonate  fusion, 
thus  beginning  a  gas  evolution.     The  stopcock  is  immediately  opened 
to  the  gas  burette  above  and  the  boat  and  contents  are  then  thor- 
oughly wet  with  acid  and  jarred  down  from  the  neck  of  the  flask 
into   the  body  of  the  acid.    As  regards  larger  fusions,  the  evolution 
of  carbon  dioxide  may  become  rapid  and  care  should  be  taken  in 
handling  them,  but  in  small  fusions  not  exceeding  1  gram  the  boat 
may  be  shaken  directly  down  into  the  acid,  which  should  be  heated 
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FiouBE  7.— Carbonate  ftision  in  fiask 
for  nltrio  add  treatment. 
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to  boiling  as  soon  as  the  gas  evolution  begins  to  slacken.  All  of  the 
carbon  dioxide  is,  of  coxurse,  absorbed  by  the  sodium  hydroxide  solu- 
tion in  the  gas  burette.  The  boiling  off  from  this  point  on  is  per- 
formed as  with  solutions  discussed  below. 

For  small  fusions  of  substances  running  about  1  part  of  radium  per 
million,  such  as  crude  radium-bariiun  sulphate  and  high-grade  pitch- 
blende, of  which  a  sample  of  20  to  40  milligrams  would  be  taken,  the 
authors  have  employed  small 
handmade  boats,  each  one  being 
folded  from  a  strip  of  platinum 
f  oil  yTJ^jjTj- inch  thick,  |  inch  broad, 
and  1^  inches  long,  the  finished 
boat  being  about  1  inch  long  and 
about  }  inch  in  cross  section. 
Such  boats  have  been  found  con- 
venient, can  be  made  at  small 
expense,  and  have  a  reasonably 
long  life  if  the  material  to  be 
fused  does  not  contain  lead. 
For  substances  poorer  in  radium, 
necessitating  larger  samples,  the 
authors  have  employed  porce- 
lain boats,  flasks  holding  as 
much  as  a  liter  having  been  used 
for  the  solution  in  some  in- 
stances. The. gas  evolution  is 
so  vigorous  that  a  gas  burette 
with  an  enlarged  bulb  at  the  top 
should  be  used  to  furnish  an 
increased  amount  of  sodium 
hydroxide  solution. 

DIRECT  FUSION   METHOD. 


Figure  8.— Apparatus  for  boiUxig  off,  collecting,  and 
transferring  emanation  into  electroscope. 


If  desired,  one  can  use  a  fusion 
both  before  and  after  the  accu- 
mulation of  emanation  instead 
of  dissolving  the  fusion  in  acid.  If  this  is  done,  as  soon  as  the  initial 
fusion  cools,  the  thin  platinum  boat  is  xmf olded,  and  the  fusion  is  put 
into  a  Jena  glass  tube  of  the  form  shown  in  figure  6,  and  held  in  place 
at  both  ends  by  small  glass-wool  plugs,  which  react  with  the  carbonate 
in  the  second  fusion,  giving  an  evolution  of  carbon  dioxide,  which 
assists  in  removing  the  emanation.  Usually  in  this  method  the  gas 
is  not  passed  into  a  gas  burette  at  all,  but  the  exhausted  electroscope 
is  attached  and  allowed  to  pull  a  current  of  air  directly  through  the 
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hard-glass  tube  while  it  is  being  strongly  heated  with  a  Meker  burner 
until  the  vacuum  is  exhausted.  However,  this  practice  would  not  be 
allowable  except  with  substances  free  from  thorium. 

The  tube  is  heated  until  it  collapses  completely,  but  collapse  should 
not  occur  until  a  large  volume  of  air  has  passed  over  the  fusion.  A 
small  drying  bulb  is  placed  in  front  of  and  another  is  placed  behind 
the  tube.  Between  the  hard-glass  tube  and  the  drying  bulb  next  to 
the  electroscope  a  small  tube  containing  potash  solution  is  introduced 
to  prevent  carbon  dioxide  from  passing  into  the  electroscope. 

No  gas  except  air  should  ever  be  introduced  into  the  electroscope 
with  the  emanation  because  the  specific  ionization  of  different  gases 
differs  from  that  of  air,  and  the  difference  may  cause  a  large  error  in 
the  comparison. 

BOnJNa  OFF  BXANATION  FROM  SOLTTTIONS. 

For  boiling  off  emanation  from  solutions,  the  procedure  prescribed 
is  as  follows: 

Set  up  apparatus  as  shown  in  figure  8,  wiring  the  rubber  connec- 
tions at  a  and  b  to  insure  tightness.  Put  into  the  leveling  bulb  c  a 
stick  of  sodium  hydroxide  2  to  3  inches  long,  or  more  if  a  large  quan- 
tity of  carbon  dioxide  is  to  be  absorbed;  make  sure  that  stopcock  d 
is  closed  and  stopcock  e  open;  pour  boiling  distilled  water  into  the 
leveling  bulb  and  allow  the  alkaU  to  go  into  solution.  If  the  boiling 
is  too  violent,  put  a  one-hole  stopper  lightly  into  the  mouth  of  the 
leveling  bulb.  After  the  alkah  has  gone  into  solution  raise  the  level- 
ing bulb  until  the  gas  burette  is  filled  to  the  stopcock  e.  If  the 
quantity  of  air  to  be  boiled  off  is  small,  some  air  may  at  first  be  left 
in  the  gas  burette.  Close  stopcock  e  and  lower  bulb  c  to  its  original 
position.  Break  the  glass  tip  /  inside  the  rubber  tubing  at  a,  and 
slowly  open  d  to  ascertain  whether  there  is  vacuum  in  the  flask  g. 
If  so,  close  d  again  and  begin  to  heat  flask  g  over  wire  gauze.  Test 
the  vacuum  every  few  seconds  and  as  soon  as  the  pressure  is  outward 
open  d,  and  cause  the  flask  to  boil  vigorously.  Continue  boiling 
until  live  steam  has  heated  to  boiling  all  the  liquid  in  the  gas  burette 
h.  This  boiling  should  never  be  less  than  5  minutes,  and  sometimes 
10  to  15  minutes'  boiling  is  desirable. 

After  the  glass  tip  /  has  been  broken  the  liquid  is  likely  to  be 
carried  upward  by  steam  and  in  some  instances  has  lodged  in  the 
stopcock  d  and  caused  serious  explosions.  As  a  precaution,  a  roll  of 
thin  platinum  foil  can  be  introduced  into  the  glass  tubing,  as  indicated 
at  i,  or  the  stopcock  d  may  have  a  wide  bore,  which  also  obviates 
the  danger  mentioned. 
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After  the  boiling  ofP  has  been  completed,  remove  the  flame,  and 
as  soon  as  the  liquid  begins  to  draw  back  through  the  stopcock  d 
close  the  stopcock  and  remove  the  flask  entirely.  Evacuate  the  elec- 
troscope chamber  to  a  suitable  vacuimi,  either  by  means  of  an  aspira- 
tor or,  more  conveniently,  a  hand  pimip;  connect  the  sulphuric-acid 
microdrying  bulb  I  to  the  electroscope  and  to  the  gas  biu'ette,  as 
indicated  in  figmre  8.  Be  siu'e  that  stopcock  j  is  closed;  open  first 
the  cock  of  the  electroscope  for  a  moment  and  reclose  it;  then  slowly 
open  stopcock  e  to  full  width,  and  then  gradually  open  the  stopcock 
to  the  electroscope,  allowing  the  gas  to  bubble  through  the  micro- 
drying  bulb  at  a  fairly  rapid  rate.  When  the  Uquid  in  the  gas 
burette  has  risen  exactly  to  the  point  X:,  dose  stopcock  e  and  open 
stopcock  J,  allowing  dry,  dust-free  air,  which  should  preferably  be 
taken  from  outside  the  laboratory,  to  sweep  out  the  connections  for 
a  few  minutes;  then  close  the  stopcock  to  the  electroscope,  reopen 
stopcock  e,  and  allow  the  liquid  in  the  gas  burette  to  fall  back  3  or 
4  inches  below  the  shoulder;  close  e,  and  then  pour  off  all  excess 
liquid  out  of  c;  close  j  and  again  open  e  to  the  electroscope,  allowing 
air  to  bubble  from  the  bottom  of  the  gas  burette  li  through  its  entire 
length  to  insure  the  removal  of  any  emanation  that  may  have 
remained  dissolved  in  the  liquid.  This  precaution  is  perhaps  xmnee- 
essary,  as  the  hot  sodium  hydroxide  solution  certainly  does  not  take 
up  much  emanation,  but  nevertheless  the  precaution  is  in  the  direc- 
tion of  acciu'acy.  Air  should  be  allowed  to  bubble  into  the  electro- 
scope chamber  until  normal  pressure  has  been  almost  restored. 

The  procediu'e  just  described  for  boiling  off  radium  emanation  is 
used  for  carbonate  fusions  introduced  into  acid,  and  also  in  handling 
any  solids  that  are  to  be  dissolved  directly.  For  example,  groimd 
pitchblende  and  camotite  ore,  which  may  be  wrapped  in  filter  paper 
in  the  way  in  which  a  fusion  is  wrapped  (fig.  7)  or  sealed  in  small 
glass  bulbs,  which  are  opened  by  being  crushed  against  the  bottom 
of  the  flask  by  tapping  on  the  glass  stem  projecting  through  a  second 
hole  in  the  rubber  stopper."  To  economize  time,  two  of  the  boiling 
operations  may  be  carried  out  simultaneously  by  the  same  operator. 

METHODS  OF  BABIUH  DETERMINATION  APPLICABLE  TO  VABIOUS 

SX7B  STANCES. 

Ilie  methods  best  adapted  to  determination  of  the  radium  in  the 
various  products  that  would  usually  present  themselves  for  radium 
analysis  in  plant  control  are  indicated  below. 

a  See  LJiid,  S.  C,  and  Whittemore,  C.  F.,  The  radiam-anualiim  ratio  In  camotltes:  Tech.  Paper  88, 
Bnreaa  of  Mines,  1915,  p.  13. 
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PITCHBLENDE. 

High-grade  pitchblende  is  low  in  silica  and  readily  soluble  in  hot 
1 : 1  nitric  acid.  Hence,  solution  as  well  as  fusion  methods  are  appU- 
cable.  As  the  radium-uranium  ratio  is  normal,  the  radium  content 
may  also  be  calculated  from  a  uranium  analysis. 

CARNorrrE. 

Camotite  is  readily  soluble  in  hot  1:1  nitric  acid  and  one  of  the 
best  methods  for  its  radioactive  analysis  is  solution  from  a  sealed 
glass  tube  in  which  it  has  been  inclosed  for  a  month.  Strong  igni- 
tion (as  with  Meker  burner)  of  the  ore  ako  removes  the  emanation 
initially,  but  second  ignition  does  not  do  so ;  therefore,  the  ignition 
method  is  limited  to  camotite  that  has  been  in  a  closed  container 
for  a  month  or  more.  The  high  siMca  content  of  camotites  imparts 
viscosity  to  the  carbonate  fusion,  which  renders  removal  of  emanation 
by  diffusion  difficult.  Higher  temperature  ^  or  direct  bubbling  of 
air  through  the  fusion  doubtless  tends  to  obviate  the  difficulty,  but 
the  authors'  experience  in  general  has  not  been  favorable  to  the  use 
of  the  fusion  method  for  camotite.  The  radium-uranium  ratio  is 
normal  for  large  lots  of  well-sampled  ore,  and  the  radium  may,  hence, 
be  calculated  from  the  uranium  content. 

CARNorrrE  residues  and  tailinos. 

All  the  difficulties  arising  in  the  analytical  treatment  of  camotite 
are  manyfold  multipUed  in  the  treatment  of  extracted  tailing,  with 
the  additional  difficulty  that  as  the  radium  content  has  already 
escaped  solution,  solution  methods  are  not  logically  applicable.  As 
already  stated,  the  approximate  alpha-ray  method  for  solids  gives 
results  sufficiently  accurate  for  most  purposes  (see  p.  — ).  In  order 
to  apply  the  emanation  method  it  is  necessary,  first,  to  remove  the 
silica  from  at  least  a  10-gram  sample  with  hydrofluoric  acid  before 
proceeding  with  the  fusion  method. 

Neither  with  camotite  nor  tailings  is  it  practicable  to  dissolve  the 
carbonate  fusion  in  acid,  as  the  high  silica  content  soon  forms  an 
impervious  gel  around  the  surface  which  prevents  further  attack. 

NITRIC   acid   filtrate   FROM   CARNOTITB   ORE. 

Nitric  acid  filtrate  from  camotite  ore  may  be  boiled  and  sealed 
directly  with  or  without  the  addition  of  barium  nitrate,  as  the  original 
ore  contains  a  large  barium  excess  relative  to  the  radium. 

o  See  SchluDdt,  H.,  Trans.  Am.  Eleotrochem.  Soc.»  vol.  26, 1014,  p.  170. 
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BABHTH    (bADHTH)   SULPHATES  OB  SULPHIDES. 

Barium  (radium)  sulphates  or  sulphides  are  fused  with  carbonate 
mixture  in  platinum  or  porcelain  boats,  described  on  page  95,  sealed  in 
glass  tubes  for  accumulation,  and  either  dropped  into  acid  or  fused 
directly. 

SULPHATE  OB  CABBONATE  FILTBATE. 

Sulphate  or  carbonate  filtrate  must  be  handled  with  all  the  pre- 
cautions prescribed  for  liquids  of  this  character  on  page  93. 

BABIUM   (BADIUM)   CHLOBIDE  OB  BBOMIDE  LIQUOBS  OB   GBTSTALS. 

Barium  (radium)  chloride  or  bromide  Uquors  or  crystals  may  be 
treated  according  to  the  treatment  prescribed  for  a  solution  containing 
barium  in  large  excess  over  radium  (p.  92),  after  suitable  dilution 
for  richer  fractions  from  the  crystallizing  system.  The  dilution 
necessary  becomes  considerable,  as  much  as  one  to  a  million  in  some 
instances.  This  dilution  is  carried  out  with  pipettes  and  measuring 
flasks  according  to  the  usual  methods  of  volumetric  analysis,  but 
involves  imusuij  care  in  rinsing  the  vessels  used  for  such  large 
dilution. 

The  principles  already  described  should  suggest  a  suitable  mode  of 
procedure  for  any  other  substances  that  may  present  themselves  for 
radioactive  analysis  in  connection  with  the  production  of  radium. 
But  in  dealing  with  any  new  substance,  one  should  always  try  several 
methods  for  control  before  final  selection. 

COKSTBXTCnOK  AND   USE   OF   XNTEBGHANGEABIA 

EUBCTBOSCOPE . 

*  A  modified  form  of  the  aluminum  or  gold-leaf  electroscope  of  the 
C.  T.  R.  Wilson  type  (PI.  XIV,  B)  has  been  found  entirely  satisfactory 
for  all  quantitative  purposes.  The  chief  modification  consisted  in 
making  the  upper  part  of  the  instrument  carrying  the  telescope  and 
leaf  system  separable  from  and  interchangeable  with  a  large  number 
of  gas-tight  ionization  chambers.  This  arrangement  enables  one  to 
carry  out  a  number  of  emanation  determinations  in  a  day  without 
material  additional  expense,  as  the  emanation  chambers  can  be  easily 
reproduced.  The  usual  type  of  Wilson  electroscope  was  further 
modified  by  building  the  telescope  into  an  extension  front  from  the 
leaf  chamber,  so  that  the  relative  positions  of  electroscope  and  leaf 
remain  absolutely  fixed.  Too  much  stress  can  not  be  laid  on  the 
importance  of  this  feature.  During  the  year  in  which  an  instrument 
of  this  type  has  been  in  daily  use  the  leaf  has  not  been  disturbed,  nor 
has  refocusing  been  necessary;  an  advantage  of  the  utmost  importance 
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in  maintaming  the  calibration  constant.  Effort  has  been  made  to 
design  a  simple  instrument  that  could  be  constructed,  with  the 
exception  of  the  telescope,  by  any  mechanic. 

DETAILS  OP  CONSTRUCTION. 

A  description  of  the  parts  of  the  electroscope  (PL  XIV,  Bj  and 
fig.  9)  and  of  the  emanation  chamber  follows.  The  emanation  cham- 
ber is  a  gas-tight  brass  cylinder  4  inches  high  and  3^  inches  in  diameter 
with  a  volume  of  about  ^  liter.  The  brass  wall  of  the  cylinder  is 
about  ^  inch  thick,  except  the  bottom  plate,  which  is  about  |  inch 

thick.  The  .bottom  plate  projects 
i  inch  outside  the  cylinder  and  is 
screwed  to  a  wooden  base  6  by  6 
inches.  This  projection  also  carries 
a  binding  post  for  grounding  the 
instrument.  The  vertical  cylinder 
projects  into  the  base,  into  which 
it  is  carefully  soldered  so  as  to 
make  a  gas-tight  joint. 

On  account  of  the  difficulty  of 
obtaining  gas-tight  brass  stopcocks, 
glass  ones  have  been  used  and  are 
connected  to  the  plain  brass  outlet 
tubes  o  (fig.  9)  from  the  cylinder 
by  means  of  heavy  rubber  tubing 
wired  on  and  with  the  ends  covered 
with  piscein  glue.  These  outlet 
tubes  are  J  inch  in  internal  diame- 
ter and  placed  i  inch  from  the  top 
and  bottom  on  opposite  sides  of  the 

cylinder. 

The  electrode  e  is  a  brass  cylin- 
der i  inch  in  diameter,  projecting 
downward  in  the  vertical  axis  of  the  cylinder  to  within  i  inch  of  the 
bottom  and  clearing  the  top  by  the  same  distance.  The  electrode  is 
suspended  by  a  small  brass  rod  J  inch  in  diameter,  which  screws  into 
the  top  of  the  electrode,  passes  upward  through  the  insulating  mate- 
rial, d,  and  terminates  in  a  small  conical  cap,  c,  serving  to  make 
metallic  contact  with  the  leaf  system  above. 

The  leaf  system  /  is  supported  from  the  top  of  the  cylinder  where 
it  is  held  in  place  by  the  sealing-wax  insulation  set  in  a  milled-head 
cap,  g,  which  screws  into  a  vertical  collar  on  the  cylinder  J  inch  in 
height.  The  cap  is  hollowed  out  inside  to  contain  the  insulating 
wax,  from  which  a  flat  brass  rod,/,  i  inch  broad,  about  ^  inch  thick. 


FiouBS  9.^0rosa  section  of  electrasoope  with 
detachable  ioxiiiatJon  chamber  (one-third 
size). 


CHAPTEB  v.  BADITJM  MEASUBEMEKT8.  101 

and  21  inches  long,  projects  downward,  terminating  below  in  a  light 
brass  spring,  a,  to  make  a  slight  contact  with  the  conical  top  of  the 
electrode  of  the  ionization  chamber.  The  spring  should  touch  the 
electrode  lightly  or  it  will  throw  the  leaf  system  out  of  position. 

The  aluminum  leaf  itself,  about  2  inches  in  length,  is  attached  to  a 
small  offset  at  the  top  of  the  brass  rod  by  a  moisture  contact.  The 
whole  leaf  system  may  be  removed  by  imscrewing  the  cap  without 
disturbing  the  rest  of  the  instrument.  If  the  cap  does  not  screw 
down  tightly  into  the  desired  position,  a  drop  of  solder  may  be 
placed  across  the  joint  between  the  screw  head  and  the  collar  to 
prevent  accidental  displacement  of  the  leaf. 

The  charging  device  Jc  (fig.  9)  consists  of  a  brass  rod  threaded 
horizontally  through  a  hard-rubber  insulation  n,  in  the  side  of  the  case. 
Inside  the  case  the  rod  slopes  upward  at  an  angle  of  45^  and  then 
extends  horizontally,  so  that  contact  can  be  made  with  the  brass  rod 
of  the  leaf  system  while  being  charged,  or  so  that  it  may  be  turned 
and  grounded  against  the  wire  grating  of  the  outer  case. 

A  collar  |  inch  long  below  the  bottom  of  the  cylinder  makes  a  fairly 
snug  contact  fit  over  the  collar  on  top  of  the  discharge  chamber  and 
serves  as  support.  A  wooden  frame  is  used  to  hold  the  upper  half 
of  the  instrument  when  it  is  detached  from  the  base. 

One  of  the  best  insulating  materials  for  an  instrument  of  this  type 
is  high-grade  sealing  wax,  such  as  '^  bankers'  specie."  It  has  the 
advantage  over  sulphur  of  furnishing  both  gas-tight  connection  and 
good  electrical  insulation,  and  is,  of  course,  much  less  expensive  than 
amber.  The  sealing-wax  insidation  is  bridged  across  the  bottom 
of  a  cylindrical  neck  f  inch  in  internal  diameter  and  1  inch  high  above 
the  top  of  the  cyhnder.  It  is  desirable  to  have  the  minimum  layer 
of  wax  that  will  give  the  necessary  strength.  A  layer  i  inch  deep 
should  be  ample.  The  additional  height  of  the  neck  merely  furnishes 
a  friction  support  for  the  upper  part  of  the  instrument.  The  electrode 
and  insulation  can  be  removed  by  unscrewing  the  whole  collar,  which 
is  threaded  into  the  upper  brass  plate  of  the  cylinder  ^  inch  thick. 
The  collar  screws  down  on  a  thin  lead  or  rubber  washer  to  insure  gas 
tightness.  The  removal  of  the  collar  and  electrode  enables  one  to 
melt  the  wax  into  place  with  great  ease  and  also  to  place  the  electrode 
in  position  without  disturbing  the  soldered  joint  at  the  bottom  of  the 
emanation  chamber. 

A  friction  cap  fitting  snugly  down  over  the  neck  and  the  projecting 
electrode  stem  protects  the  insulation  from  contamination  when 
detached  from  the  upper  part  of  the  instrument. 

The  leaf  system  and  telescope  are  carried  by  the  upper  part  of  the 
instrument  (PI.  XIV,  B)  and  have  the  advantage  over  some  instru- 
ments of  being  fixed  in  a  perfectly  rigid  position  with  respect  to 
each  other. 
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The  horizontal  cylinder  b  (fig.  9)  containing  the  leaf  system  is  1 1 
inches  deep  and  3}  inches  in  diameter;  the  ends  are  closed  by  sheet 
mica  held  in  place  by  steel-wire  rings  which  fit  in  grooves  in  the  edge 
of  the  cylinder  in  the  same  way  that  an  automobile  tire  is  held  in 
place.  This  arrangement  has  proved  most  convenient  and  far  pref- 
erable to  the  use  of  screws.  Inside  the  mica  plates  and  in  close  con- 
tact with  them,  fine  iron-wire  gauze  serves  to  conduct  off  any  stray 
electrical  charge.  Circular  openings  in  the  gauze  1  i  inches  in  diam- 
eter furnish  a  clear  field  of  vision  opposite  the  leaf  system. 

Opposite  the  aluminum  leaf  is  a  vertical  brass  plate  (not  shown  in 
diagram)  parallel  to  the  leaf,  which  may  be  pushed  in  so  that  it  almoet 
touches  the  leaf,  and  thus  protects  it  from  mechanical  disturbance 
during  transportation.  Whenever  the  instrument  is  in  use  this  pro- 
tector should  be  withdrawn  against  the  outer  case.  It  naay  be  turned 
crosswise,  if  necessary,  to  remove  it  as  far  as  possible  from  the  leaf. 

Instead  of  suppporting  the  telescope  on  an  upright  fixed  to  the 
same  wooden  base  as  the  rest  of  the  electroscope,  it  appeared  pre- 
f erable  to  fasten  it  firmly  to  the  case  carrying  the  leaf  system.  Three 
arms,  such  as  the  one  shown  in  Plate  XIV,  B,  carrying  a  sohd  brass 
vertical  plate,  are  firmly  screwed  onto  the  case  of  the  leaf  system. 
The  telescope  fits  tightly  into  a  heavy  horizontal  collar  which  is 
screwed  into  the  front  plate  which  is  thickened  by  two  small  plates  to 
increase  the  depth  of  the  screw  thread.  The  telescope  may  be  fitted 
firmly  into  place  and  soldered  after  focusing,  or  the  collar  may  be 
spUt  and  carry  a  tightening  screw  for  readjustment. 

The  telescope  used  is  a  Bausch  &  Lomb  type  with  a  327nun. 
objective  and  a  No.  5  eyepiece,  carrying  a  micrometer  scale  serving 
to  measure  the  rate  of  discharge  of  the  leaf.  The  eyepiece  fits  firmly 
into  its  case,  so  that  its  rotation  is  difficult  after  the  micrometer  scale 
has  been  set  parallel  to  the  leaf. 

By  means  of  a  charging  battery  a  charge  can  be  maintained  for 
some  time  on  the  instrument.  Otherwise  one  can  charge  with  amber 
or  hard  rubber,  with  an  ordinary  rubber  comb  for  example. 

The  glass  tube  (see  PI.  XIV,  B)  fixed  in  the  wooden  base  of  the 
instrument  about  I^  inches  from  the  cylinder  s^ves  to  hold  a  small 
sealed  tube  of  radixmi  salt  used  in  controUing  the  caUbration  of  the 
instrument.  A  suitable  quantity  of  radium  (about  1  milligram  of 
element,  in  a  sealed  tube)  furnishes  a  constant  source  of  penetrating 
radiation,  which  may  be  conveniently  employed  to  control  the  cali- 
bration by  measuring  the  rate  of  discharge  when  this  tube  is  placed 
in  the  glass  tube  fixed  into  the  base,  and  by  making  comparison  with 
the  discharge  obtained  in  the  same  way  at  the  time  of  calibration  with 
emanation.  Such  a  measurement  can  be  made  in  a  few  minutes  and 
saves  a  great  deal  of  time  in  avoiding  the  repetition  of  the  caUbration 
with  emanation,  if  no  marked  change  is  found  to  have  taken  place  in 
the  rate  of  discharge. 
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UBE  OF  ELE0TBOSCX>FE  IN  EMANATION  METHOD. 

The  principle  underlying  the  use  of  the  emanation  electroscope  is 
that;  in  a  given  discharge  chamber  containing  at  two  different  times 
different  quantities  of  radium  emanation,  the  ionization  and  conse- 
quent rate  of  discharge  will  be  proportional  to  the  quantity  of  emana- 
tion present.  If  in  one  case  this  quantity  is  known,  the  unknown 
quantity  can  be  determined  by  a  direct  comparison  of  the  two  rates 
of  discharge.  The  principle  seems  simple  and  with  the  observation 
of  a  few  essential  precautions  is  really  so  in  application. 

Owing  to  the  rapid  decomposition  of  radium  emanation  into  the 
series  of  elements,  radium  A,  B,  and  C,  each  of  which  deposits  as  a 
solid  ''active  layer"  on  the  walls  of  the  chamber,  and  contributes 
materially  to  the  activity,  it  is  necessary  to  wait  three  hoiu*s  after  the 
introduction  of  the  emanation  for  the  active  deposit  to  have  reached 
a  maximum.  This  maximum  is  maintained  with  Uttle  change  be- 
tween the  third  and  fourth  hours,  and  hence  the  measurement  of  the 
rate  of  discharge  may  be  made  during  this  period. 

It  is  also  to  be  noted,  however,  that  these  active  decomposition 
products  of  radium  emanation  carry  a  positive  electrical  charge  when 
formed,  and  hence  the  position  at  wUch  they  are  deposited  in  the 
chamber  will  be  somewhat  dependent  on  the  electrical  field  to  which 
they  are  exposed  during  deposition,  and  in  turn  the  ionization  and 
rate  of  discharge  will  be  influenced.  It  would  seem  simple  to  allow 
the  deposition  of  the  active  layer  always  to  take  place  with  no  elec- 
trical field,  but  the  difficulty  here  is  that  as  soon  as  the  field  is  made 
for  measuring  the  rate  of  discharge,  a  shift  in  the  position  of  newly 
formed  RaA  takes  place  so  rapidly  that  even  in  the  few  minutes  neces^ 
sary  for  measurement,  the  rate  of  discharge  may  change  considerably 
either  increasing  or  decreasing  according  to  whether  the  new  position 
of  RaA  is  more  or  less  favorable  to  ionization.  To  overcome  this 
difficulty  one  practice  is  to  keep  the  electroscope  charged  during  the 
entire  three  hours  of  activation,  but  this  procedure  may  be  incon- 
venient if  different  instruments  are  being  used  on  the  same  charging 
line,  and  it  has  been  f oimd  more  satisfactory  in  the  laboratory  to 
charge  for  15  minutes  before  the  measurement.  Thus  any  shift  of 
RaA  can  be  practically  completed,  and  any  shift  of  RaC  (through 
RaB,  an  o-rayless  product)  will  not  have  proceeded  to  any  consider- 
able d^ree. 

The  measurement  itself  consists  in  determining  with  a  stop  watch 
the  time  elapsing  during  the  passage  of  the  leaf  over  a  certain  part  of 
the  scale,  reading  being  made  always  between  the  same  scale  divisions. 
Two  or  three  closely  agreeing  measurements  suffice,  but  if  the  devia- 
tions are  greater  than  1  per  cent,  an  average  of  10  measurements  is 
taken.    The  discharge  is  then  reckoned  in  terms  of  scale  divisions  per 
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second.  From  the  result  is  subtracted  the  '' natural  leak''  of  the  in- 
strument, which  is  determined  before  the  introduction  of  emanation. 
Even  with  a  double  contact  of  wax  insulation,  the  natural  leak  main- 
tains a  low  value  of  about  .0003  to  0.005  divisions  per  second. 

Another  source  of  error,  which  seems  especially  pronounced  in 
using  sealing  wax  as  insulation,  is  in  the  so-called  "electrical  soak" 
of  the  insulator,  meaning  that  a  certain  time  is  necessary  for  the 
insulator  to  become  fully  charged.  Unless  sufficient  time  is  allowed 
(not  less  than  15  minutes)  for  this  process  to  complete  itself,  the  rate 
of  discharge  is  erratic. 

The  procedure  in  the  use  of  the  electroscope  is  then  as  follows: 

1.  Set  up  electroscope  as  shown  in  Plate  XIV,  B,  and  charge  for 
15  minutes  from  a  battery  with  just  sufficient  voltage  to  hold  the 
leaf  on  the  part  of  the  scale  to  be  used  later. 

2.  Observe  the  natural  leak  during  15  or  more  minutes. 

3.  Carry  out  the  calibration  control  by  means  of  penetrating  rays 
if  radium  is  available  for  this  purpose. 

4.  Detach  the  top  and  evacuate  the  lower  chamber  to  the  desired 
vacuum. 

5.  Pass  the  emanation-air  mixture  through  a  sulphuric  acid  diying 
tube  into  the  evacuated  chamber  and  restore  normal  pressure. 

6.  Allow  the  emanation  to  stand  in  the  discharge  chamber  for  three 
hours. 

7.  Charge  for  15  minutes  as  before. 

8.  Take  three  readings  if  agreements  are  good,  or  ten  if  deviations 
are  greater  than  1  per  cent. 

9.  Clean  out  the  emanation  chamber  by  drawing  dry,  dust-free  air 
through  it  for  some  time  (over  night  if  convenient). 

10.  Calculate  the  discharge  and  subtract  the  natural  leak,  express- 
ing both  in  divisions  per  second. 

11.  Compare  the  corrected  discharge  with  the  calibration  of  the 
instrument  to  determine  the  quantity  of  radium  under  measurement, 
taking  time  corrections  into  consideration. 

CALIBRATION  OF  ELECTROSCOPE. 

The  calibration  of  the  electroscope  is  carried  out  in  exactly  the 
same  way  as  in  ordinary  measurement,  except  that  a  known  quan- 
tity of  emanation  is  introduced.  This  known  quantity  may  be 
obtained  in  two  ways,  as  follows: 

1.  From  a  standard  solution  of  some  radium  salt  by  passing  air 
through  it  until  its  emanation  is  all  transferred  into  the  electroscope. 
This  practice  has  two  disadvantages,  the  necessity  of  having  and 
staking  care  of  such  a  standard  solution,  and  the  uncertainty  attach- 
ing to  the  quantity  of  radium  emanation  removed  from  it,  owing  to 
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the  great  tendency  of  radium  in  such  small  quantity  to  be  precipi- 
tated out  in  part  or  to  be  occluded  in  the  walls  of  the  vessel  during 
prolonged  standing.  In  short,  the  practice  of  employing  standard 
radium  solutions,  though  rather  general,  is  not  to  be  reconunended, 
and  has  been  pronounced  unsatisfactory  at  the  Radium  Institute  ^ 
in  Vienna. 

2.  The  preferable  practice  is  to  use  high-grade  analyzed  pitchblende, 
a  suitable  quantity  being  dissolved  for  each  standardization,  and  the 
quantity  of  radium  being  calculated  from  the  uranium  analysis.  The 
quantity  of  radium  emanation  obtained  on  dissolving  the  pitch- 
blende will  not  correspond  exactly  to  the  radium  content  because  a 
small  fraction  (2  to  5  per  cent)  of  the  gas  diffuses  from  the  ore;  this 
fraction,  termed  the  '' emanating  power,''  must  be  determined  by 
sealing  a  quantity  of  the  ore  in  a  tube  for  a  month  or  more,  and 
drawing  off  the  emanation  into  an  electroscope  by  the  passage  of  air. 
The  emanating  power  thus  determined  in  the  standard  sample  is 
used  as  a  subtractive  correction.  Convenient  quantities  of  radium 
emanation  are  those  that  will  produce  a  discharge  of  the  order  of  1  to 
2  scale  divisions  per  second. 

Example. 

Given  a  standard  pitchblende  containing  60  per  cent  uranium  metal  and  having 
an  emanating  power  of  3  per  cent.  If  the  Ra/U  ratio  is  3.33X10"^,  1  milligram  of 
pitchblende  contains  2X10^^^  grams  of  radium,  but  as  only  97  per  cent  of  this  radium 
can  give  off  emanation,  1  milligram  of  pitchblende  on  being  dissolved'  will  furnish 
emanation  equivalent  to  1.94X10~'°  grams  of  radium.  For  the  electro8coi>e  herein 
described  use  20  to  40  milligrams  of  high-grade  pitchblende. 

Contamination  of  the  discharge  chamber  may  come  about  through 
the  gradual  accumulation  of  active  deposit  on  the  inner  walls,  which 
results  in  the  increase  of  the  natural  leak  of  the  instrument.  For 
this  reason  more  emanation  than  is  necessary  for  a  measurement  is 
never  introduced.  The  removal  of  emanation  from  the  chamber 
should  take  place  at  once  after  the  completion  of  the  measurement^ 
and  to  avoid  the  introduction  of  any  emanation  that  may  be  present 
in  the  laboratory  air,  air  is  drawn  from  the  outside,  being  passed 
through  a  train  of  cotton  batting  to  remove  dust  and  through  sul- 
phuric acid  to  remove  moisture.  Should  the  discharge  chamber  be- 
come contaminated  in  spite  of  all  precautions,  the  chamber  is  opened 
and  the  walls  thoroughly  washed  with  dilute  (1  to  3)  nitric  acid, 
followed  by  washing  with  distilled  water  and  drying.  This  operation 
is  repeated  until  the  natural  leak  is  sufficiently  reduced.  Contami- 
nation of  the  insulation  itself  usually  necessitates  its  complete  removal. 

In  measiurements  of  great  accuracy  it  is  desirable  to  calibrate  each 
discharge  chamber  separately,  but  by  taking  greater  precaution  in 

a  Meyer,  Stefen, ,  Sltfongsb.  K.  Akad.  Wiss.  Wien,  Mathem.-i)aturw.  Klasse,  Bd.  122,  Jaoe,  1013, 

pp.  108fr-lll4. 
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the  construction  and  position  of  the  electrode  each  chamber  can  be 
made  to  have  the  same  electrical  capacity  and  hence  one  calibration 
will  serve  for  all.  It  seems  practicable  to  reproduce  chambers  that 
shall  have  the  same  calibration  value  within  2  per  cent. 

The  convertible  electroscope  may  also  be  used  with  other  fonns  of 
discharge  chamber  than  that  used  for  emanation.  For  example,  it 
may  be  used  in  water  analysis  by  attaching  it  to  a  water  chamber 
of  the  fontactometer  type,  or  may  be  attached  to  an  open  ae-ray  I 
chamber  such  as  is  used  for  the  cursory  examination  of  ores,  or  to 
any  other  desired  form  of  dischai^e  chamber. 

ACCESSORIES   FOR  ELECTROSCOPE. 

Accessories  for  the  interchangeble  electroscope  are  listed  below. 

A  wrench  for  removing  the  collar  carrying  the  instdation.  This 
is  used  only  in  renewing  or  remelting  the  insulation.  This  is  done 
only  when  the  gas  leak  or  the  electrical  leak  has  become  unduly  high. 
In  dry  climate,  sealing  wax  dries  out  rather  rapidly,  and  it  is  found 
necessary  to  remelt  the  sealing  wax  about  once  in  one  or  two  months. 
The  operation  is  simple,  but  necessitates  a  new  standardization  of 
the  chamber. 

Two  brass  dies,  used  in  remelting  or  replacing  the  insulation  to 
hold  the  wax  below  the  electrode. 

One  brass  cap  with  hole,  used  in  centering  the  electrode  during 
remelting  the  insulation. 

One  hard-rubber  cap  with  brass  binding  screw  head,  used  in 
chaining  one  chamber  while  the  regular  top  is  being  used  on  another 
chamber. 
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RflCOYBRIBS  AND  IX>SS£S. 

RBCOVSBY  OF  TTBANIUM. 

In  the  extraction  process  practically  all  of  the  uranium  in  the 
ore  is  dissolved  in  the  nitric  acid,  a  Uttle  remaining  in  the  insoluble 
residue  because  of  incomplete  washing.  An  average  of  2.3  per  cent 
of  the  uranium  oxide  in  the  ore  has  remained  in  the  residue,  varying 
in  different  carload  lots  from  a  mere  trace  to  about  twice  the  average. 
A  more  thorough  washing  would  remove  practically  all  of  this 
uraniimi,  but  would  considerably  increase  the  volume  of  liquid  to 
be  handled  and  evaporated. 

As  akeady  indicated  (p.  50)  the  loss  in  the  iron-calcium  precipi- 
tate precipitate  has  varied,  with  the  amoimt  of  sodium  carbonate  used 
and  the  length  of  time  of  heating  the  solution.  In  the  early  stages  of 
the  work  most  of  the  precipitate  contained  1^  to  2  per  cent  Vfi^  on  the 
dry  weight,  or  15  to  20  per  cent  of  the  oxide  in  the  original  ore.  This 
loss  was  afterwards  considerably  reduced,  mainly  by  boiUng  the  solu- 
tion for  a  longer  time  and  washing  the  precipitate  more  thoroughly. 
The  iron-calcium  precipitate  from  some  of  the  carload  lots  contained 
as  little  as  0.48  to  0.50  per  cent  UsOg,  representing  about  5  per  cent 
of  the  oxide  in  the  original  ore.  The  Vfig  content  of  the  iron-calcium 
precipitate  obtained  from  the  last  six  carload  lots  treated  averaged 
0.7  per  cent. 

The  original  plan  (see  p.  52)  called  for  a  double  precipitation 
in  order  to  recover  this  uranium  and  the  associated  radium  and 
vanadium,  but  it  was  found  that  the  cost  exceeded  the  value  of  the 
products  obtained.  All  efforts  were  then  bent  toward  raising  the 
yields  without  reprecipitation. 

If,  after  the  precipitation  of  the  sodium  uranate,  the  solution  is 
heated  for  one  hour,  practically  all  of  the  uranium  is  precipitated, 
only  a  trace  appearing  with  the  iron  vanadate. 

The  recovery  of  the  uranium  as  sodium  uranate  has,  of  course, 
varied  with  the  losses,  the  extremes  being  between  75  and  94  per  cent. 
The  average  on  the  last  10-carload  lots  treated  has  been  84.4  per  cent. 

RBCOVBBY  OF  VAKADIUU. 

The  process  described  in  this  buUetin  could  not  be  recommended 
were  the  recovery  of  the  vanadium  in  the  ore  the  main  object.  Hy- 
drochloric acid,  imder  plant  conditions,  will  extract  the  vanadium 
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from  camotite  more  efficiently  than  will  nitric  acid,  because  the 
reducing  action  of  hydrochloric  acid  prevents  the  vanadium  from 
separating  as  vanadic  add.  In  this  respect  even  sulphuric  add  is 
better.  The  chief  recommendation  for  using  nitric  acid  is,  therefore, 
the  recovery  of  radium  rather  than  vanadium.  Indeed,  it  was  found 
in  the  early  operations  that  any  attempt  to  extract  the  larger  part  of 
the  vanadium  almost  invariably  resulted  in  the  precipitation  of 
vanadic  acid,  retarding  filtration  and  reducing  the  recovery  of  radium. 
Camotite  itself  is  readily  soluble  in  nitric  acid,  but  the  other  vanadium 
minerals  present,  especially  the  siUcates,  are  decomposed  only  after 
long  boiling.  A  considerable  loss  of  vanadium,  therefore,  takes  place 
at  the  start;  owing  to  the  insolubility  of  the  vanadium  minerals  other 
than  camotite.  In  order  to  prevent  the  separation  of  vanadic  acid, 
the  ore  has  been  heated  only  as  long  as  the  solution  remained  green, 
heating  being  discontinued  at  once  if  the  solution  has  showed  any 
tendency  to  become  brown.  The  main  object,  therefore,  has  been  to 
recover  radium  even  at  the  sacrifice  of  some  of  the  vanadium.  The 
vanadium  content  of  the  ore  used  has  varied  from  3.46  to  5.43  per 
cent  V3O5,  and  ore  carrying  less  than  5  per  cent  presents  no  difficul- 
ties in  treatment;  however,  if  this  proportion  is  largely  exceeded,  the 
rapidity  of  filtration  is  affected,  resulting  in  some  loss  of  radium. 

Under  the  above  conditions  only  about  45  per  cent  of  the  vanadium 
in  the  ore  goes  into  solution.  The  iron-calcium  precipitate  involves 
a  further  loss.  If  sodium  carbonate  is  run  into  a  camotite  acid  leach, 
so  that  the  Uquid  is  acid  during  most  of  the  time,  the  vanadium  losses 
will  be  large  even  though  the  carbonate  is  finally  added  in  excess. 
Iron  vanadates  are  seemingly  formed  near  the  neutral  point  and  after 
precipitation  are  redissolved  only  slowly  by  the  carbonate.  In  a 
small  experimental  plant  that  used  this  method  to  separate  the  iu*a- 
nium  and  vanadium  from  the  iron  and  calcium  the  iron  predpitate 
obtained  carried  15  to  20  per  cent  VjOg.  However,  if  the  acid  liquor 
is  run  into  a  boiling  solution  containing  an  excess  of  sodium  carbonate, 
as  already  described,  the  iron-calcium  precipitate  obtained  need  not 
average  more  than  2  per  cent  V3O5,  and  the  proportion  may  be  re^ 
duced  even  to  1  to  1.25  per  cent  under  favorable  conditions.  As 
explained  on  page  55,  the  ruling  factor  is  the  length  of  time  the  solu- 
tion is  boiled  and  how  much  excess  carbonate  is  used.  Of  course,  a 
point  is  finally  reached  where  the  additional  recovery  does  not  pay  for 
the  increased  expense. 

The  sodium  iiranate  has  carried  on  an  average  8.1  per  cent  VjOb, 
the  limits  being  5.2  to  9.4  per  cent.  If  the  salt  fusion  method  is 
used  to  refine  the  sodium  uranate,  practically  all  of  this  vanadium 
is  recovered,  as  the  refined  sodium  uranate  on  an  average  carries  less 
than  0.2  per  cent  VjO,,    The  iron  vanadate  obtaLaed  in  the  recovery 
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of  this  vanadium  is  of  exceedingly  high  grade,  most  of  it  containing 
about  45  per  cent  V3O5.  Seemingly,  in  the  melt  the  vanadium  is 
completely  oxidized  to  meta-vanadate. 

The  sodium  nitrate  filtrate  from  the  iron  vanadate  may  or  may 
not  contain  vanadium,  depending  on  the  method  of  precipitation. 
If  the  precipitation  is  properly  done,  the  sodium  nitrate  will  carry 
only  a  mere  trace  of  vanadium,  hardly  enough  to  give  a  qualitative 
test. 

Lately,  on  an  average  55.5  per  cent  of  the  vanadium  in  the  ore  remains 
in  the  residue,  and  13.6  per  cent  remains  in  the  iron-calcium  precipitate, 
while  8.1  per  cent  appears  in  the  sodium  uranate  and  21.4  per  cent 
in  the  iron  vanadate.  The  total  average  recovery  in  vanadium, 
including  that  from  the  sodium  uranate  is  therefore  a  little  less  thajx 
30  per  cent. 

BEGOVEBY  OF  BABITJIC. 

When  an  element  exists  in  an  ore  in  the  proportion  of  1  part  to 
200,000,000,  its  extraction  and  recovery  present  difficulties  not  ordi- 
narily encountered  in  metalluigy.  A  recovery  of  60  to  70  per  cent 
or  even  50  per  cent  might,  under  such  conditions,  appear  to  be  satis- 
factory. A  much  larger  recovery  than  70  per  cent  is  undoubtedly 
exceptional.  The  unusually  high  recovery  of  90  per  cent  and  over 
of  the  radium  present  gives  the  nitric  acid  method  its  real  value. 

TABULATED  DATA. 

The  table  following  gives  the  results  of  the  extraction  of  the  first 
21  carloads  of  camotite  ore  received  at  the  plant  of  the  National 
Radium  Institute: 
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DISOUSSION   OF  TABULATED  DATA. 

The  table  shows  that  with  the  exception  of  the  ore  from  two  cars, 
the  radium  recovered  as  sulphate  has  varied  from  80.4  to  96  per  cent 
of  the  radium  in  the  ore  with  an  average  of  89.6.  If  the  two  cars 
mentioned  are  included,  the  average  is  88.3.  The  average  recovery 
on  the  last  ten  carloads  treated  is  91.5. 

In  tabulating  these  results  it  has  been  assumed  that  the  radium 
in  the  ore  is  in  equilibriimi  with  the  uraniimi;  as  shown  by  Lind  and 
Whittemore,  ^  and  the  radiimi  in  each  carload  has  been  calculated 
from  the  lU'anium  oxide  content.  The  radixmi  in  the  sulphates  has 
always  been  determined  by  actual  measiu'ement  by  the  emanation 
method.  Results  have  been  accepted  only  when  duplicates  gave 
check  results.  Although  individual  sulphate  batches  were  frequently 
tested,  the  actual  determinations  on  carload  recoveries  were  made  on 
composites  in  which  the  quantity  of  sulphate  used  from  each  batch 
was  proportionate  to  the  total  weight  of  that  batch. 

During  the  early  part  of  the  work  the  sulphates  were  ground  and 
mixed  by  hand,  and  a  small  error  in  sampUng  was  possible.  Later, 
small  ball  mills  were  installed  for  grinding  and  thoroughly  mixing 
the  sulphates,  eliminating  the  possible  error  mentioned. 

Most  of  the  filtrate  from  the  first  sulphate  precipitate  has  carried  a 
little  more  than  2  per  cent  of  the  radium  in  the  ore,  as  is  shown  in  the 
column  giving  the  proportion  of  radium  recovery  as  second  sulphates, 
the  filtrate  from  the  second  precipitate  containing  less  than  0.1  per 
cent  of  the  original  radium.  With  four  carloads  the  proportion 
given  was  exceeded,  the  second  sulphate  from  the  ore  in  car  P-3 
containing  6  per  cent  of  the  radium  in  the  ore.  The  larger  part  of 
this  was  found  in  three  batches  and  was  imdoubtedly  due  to  incom- 
plete settling  of  the  first  sulphates,  a  portion  of  the  precipitates  being 
siphoned  over  and  finally  appearing  with  the  second  sulphate. 
Indeed,  a  large  part  of  the  average  2  to  2^  per  cent  loss  in  the  filtrate 
from  the  first  sulphate  is  mechanical,  not  chemical.  Efforts  are 
being  made  to  reduce  this  loss  and  have  already  partly  succeeded, 
so  well  that  after  the  ore  in  car  P-9  had  been  treated  no  second  sul- 
phates were  made. 

The  ore  from  cars  1  and  2  gave  abnormal  results.  As  regards  the 
ore  from  car  1,  the  result  can  easily  be  explained,  as  this  ore  was 
part  of  five  cars  piurchased  by  the  National  Radium  Institute  and  had 
been  groimd  in  a  ball  mill  to  over  100-mesh  fineness  instead  of  being 
groimd  to  20  to  30  mesh  fineness  as  is  required.  Filtration  was 
therefore  slow,  with  a  resulting  loss  of  radimn.  This  explanation, 
however,  can  not  be  appUed  to  the  ore  from  car  2,  which  was  readily 
filtered.    Many  extraction  tests  of  the  ore  from  this  car  were  made 

a  Lind,  S.  C,  and  Whittemore,  C.  F.,  The  ndium-uranlum  ratio  In  camotites:   Tech.  Paper  88» 
BuTMUl  of  Wdm,  1916,  pp.  27-28. 
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in  the  laboratory,  and  only  70  to  75  per  cent  of  the  radium  could  be 
obtained.  Although  the  amount  of  sulphate  in  the  ore  was  fairly 
high,  being  0.21  per  cent  calculated  as  sulphuric  acid,  it  was  no  high^ 
than  in  the  ore  from  car  4  on  which  the  recovery  as  sulphate  was 
nearly  85  per  cent.  The  delivery  during  September,  1915,  was 
407.5  milligrams,  making  a  total  to  October  1,  1915,  of  2,355  milli- 
grams of  radium  element. 

Up  to  September  1,1915, 1,947.5  milligrams  of  radium  element  had 
been  dehvered  as  high-grade  chloride  or  bromide  out  of  the  4,774 
milligrams  of  radium  produced  as  sulphate.  All  of  this  was  delivered 
between  February  1  and  September  1,  1915,  as  experimental  work 
on  methods  of  fractionation  was  not  commenced  tmtil  about  December 
1, 1914.  The  grade  of  the  material  dehvered  varied,  some  containing 
as  much  as  87.8  per  cent  radium.  As  a  rule  deliveries  were  about 
equally  divided  between  material  containing  6  to  15  per  cent  radium 
and  a  higher-grade  product  containing  more  than  50  per  cent.  The 
lower-grade  product  is  used  as  a  source  of  emanation  for  cancer 
treatment,  and  the  higher-grade  product  may  be  used  for  direct  radi- 
ation in  connection  with  such  work. 

A  total  of  58.2  milligrams  of  radium  from  the  fractionation  process 
was  returned  to  the  plant  as  barium  (radium)  chloride.  This  was 
low-grade  material,  the  radium  content  of  which  was  too  high  to  justify 
its  discarding.  The  large  quantity  retiuned  in  the  case  of  the  ore 
from  car  P-4  was  due  to  an  accumulation  from  the  ore  from  preceding 
cars.  The  total  amount  of  radium  discarded  in  connection  with  the 
fractionation  of  the  first  1,646.26  miUigrams  of  element  crystallized 
was  5.13  milligrams,  or  0.31  per  cent.  The  radium-barium  ratio  in 
this  discarded  material  averaged  25.2  parts  per  billion. 

Except  for  the  discarded  liquor  mentioned,  there  are  no  definite 
losses  that  can  be  indicated  quantitatively  in  refining  the  radium 
from  the  sulphate  to  the  finished  product.  And  yet,  there  are,  of 
course,  small  unavoidable  losses.  The  size  of  these  losses  will  depend 
largely  on  the  care  of  the  workmen  and  chemists  who  do  the  refining, 
the  personal  factor  being  quite  as  important  as  the  equipment.  In 
handling  and  drying  the  sulphates  some  small  loss  through  loss  of 
material  as  dust  takes  place.  In  reducing  the  sulphate  with  charcoal 
the  evolved  gasos  carry  a  small  amount  of  sulphate  with  them. 
Liquors  are  occasionally  spilt,  and  '^ creeping"  sometunes  takes  place 
in  the  porcelain  and  siUca  vessels  in  the  laboratory.  All  of  these 
factors  can  be  more  or  less  controlled,  and  with  care  the  total  losses 
may  be  kept  down  to  between  1  and  2  per  cent.  With  less  careftd 
work  they  may  rise  as  high  as  3  per  cent.  The  loss  of  one  or  two 
crystals  of  high-grade  salt  will,  of  course,  have  a  much  greater  eflfect 
than  the  careless  handling  of  a  large  quantity  of  low-grade  material. 
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The  total  refining  losses  at  the  plant  of  the  National  Radium 
Institute  can  be  only  estimated  at  present.  A  check  on  all  radium 
under  treatment  has  been  made  on  more  than  one  occasion,  but  as 
nearly  60  determinations  were  required  in  each  instance  the  possible 
total  experimental  error  was  much  larger  than  the  probable  losses. 
It  is  believed  that  the  latter  have  been  less  than  2  per  cent. 

BECOVSBY  OF  SODIUU  NTTBATE. 

During  the  time  when  crystallization  of  sodium  nitrate  from 
sodium  sulphate  was  necessary,  the  recovery  as  usable  nitrate  was 
not  more  than  60  per  cent,  and  sometimes  went  as  low  as  50  per  cent. 
With  the  substitution  of  nitric  for  sulphuric  acid  for  a  neutralizing 
agent  in  the  precipitation  of  the  uranium  and  vanadium,  the  recovery 
in  nitrate  immediately  rose  to  70  to  75  per  cent.  More  recently  the 
yield  has  greatly  increased,  during  the  months  of  May,  June,  and 
July,  1915,  averaging  87.5  per  cent,  with  a  minimuni  of  84.87  per  cent 
and  a  maximum  of  90.04  per  cent. 

COST  OF  PRODUCTIOir. 

COST  DATA. 

During  the  early  stages  of  the  work  cost  data  were  kept  for  all 
operations,  but  owing  to  changes  and  for  other  reasons  the  figures 
were  not  subdivided  among  the  several  departments  in  sufficient 
detail  to  give  the  exact  data  for  these  departments.  Later,  this 
omission  was  remedied  but  the  departmental  figures  obtained  do  not 
represent  an  average  of  the  whole  operations  but  rather  an  average  of 
the  results,  since  the  combined  plants  have  been  running  in  connec- 
tion with  the  nitric  acid  plant. 

The  cost  figures  include  not  only  expense  for  labor  and  materials 
in  connection  with  the  particular  operations  in  question  but  also 
the  cost  of  repairs  and  the  actual  expense  in  connection  with  boiler- 
room  operation,  water,  electricity,  office,  laboratory,  and  superin- 
tendence. The  figures  by  departments  do  not,  however,  include 
amortization,  insurance,  experimental  work,  cooperation  of  the 
Bureau  of  Mmies,  and  other  overhead  costs. 

The  operations  have  been  divided  to  cover  the  following  items: 
Leaching,  sodium  uranate,  iron  vanadate,  sodium  nitrate  recovery, 
nitric  acid,  radium  refining,  uranium  refining,  and  boiler  room. 

LEAGHINO. 

Leaching  includes  operations  up  to  the  separation  of  the  barium 
(radium)  sulphate  previous  to  the  addition  of  the  acid  liquor  to  an 
excess  of  sodium  carbonate.  The  average  cost  has  been  $22.62  per 
ton  of  ore  treated.    This  item  includes  the  cost  of  the  recovery  of 

10468'— Bull  104—15 8 


114  EXTRACTION   OF  RADIUM,  URANIUM,  AND  VANADIUM. 

the  radium  as  barium  (radium)  sulphate.  If  the  recorery  of  ura- 
nium and  vanadium  was  not  desired,  operations  could  stop  at  this 
point.  Such  a  procedure  would  vary  the  conditions  in  connection 
with  the  recovery  of  sodium  nitrate;  and  as  the  cost  of  the  nitric 
acid  used  is  based  on  a  definite  recovery  of  sodiiun  nitrate  the  above 
figure  of  $22.62  woTild  be  increased  if  nitric  acid  or  a  large  proportion 
of  the  sodium  nitrate  for  the  manufacture  of  nitric  acid  had  to  be 
purchased. 

SODIUM  UBANATE. 

The  figure  for  sodium  uranate  includes  the  cost  of  all  operations 
in  connection  with  the  precipitation,  filtering,  and  drying  of  the 
uranium  as  sodium  uranate.  The  average  cost  has  been  31.49  cents 
per  poimd  of  UjOa  in  the  dry  sodium  uranate. 

IRON  VANADATE. 

The  figure  for  iron  vanadate  includes  the  cost  of  all  operations  in 
coimection  with  the  precipitation,  filtering,  and  drying  of  the  iron 
vanadate.  The  average  cost  has  been  59.1  cents  per  poimd  of  V^Oj 
in  the  dry  iron  vanadate.  This  part  of  the  work  is  therefore  con- 
ducted at  an  actual  loss,  but  in  combination  with  the  sodium-nitrate 
recovery,  which  is  based  on  the  extraction  of  the  vanadium,  is  worked 
at  a  profit. 

SODIUM  NTTRATE  EECOVEEY. 

The  recovery  of  sodium  nitrate  involves  the  evaporation  of  the 
sodium-nitrate  solution  and  the  crystallization  of  the  nitrate.  The 
cost  per  poimd  of  soditmi  nitrate  in  the  recovered  salt  has  averaged 
0.3429  cent. 

NITBIO  ACID. 

The  cost  of  nitric  acid  has  varied  with  the  recovery  of  sodium 
nitrate,  the  market  price  of  nitrate  used  to  make  up  losses,  and  the 
cost  of  repairs.  During  the  past  three  months  (up  to  Aug.  1,  1915) 
it  has  averaged  2.411  cents  per  pound  of  100  per  cent  acid,  and  dur- 
ing the  preceding  two  months  2.050  cents  per  pound  on  a  basis  of 
80  per  cent  recovery  of  the  nitrate. 

RADFUM  REFINING. 

Radium  refijiiag  Lacludes  all  operations  in  the  plant  la  the  reduc- 
tion of  the  barium  (radium)  sulphates  and  the  fractionation  of  the 
chloride  liquors  up  to  the  point  where  deliveries  are  made  to  the 
laboratory.  The  cost  has  been  S2.44  per  milligram  of  radium  ele- 
ment delivered  to  August  1,  1915.  At  first  it  was  necessary  to  get 
the  fractionation  systems  established  both  at  the  plant  and  at  the 
laboratory.    Consequently  more  radium  went  into  the  systems  than 
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came  out.  The  relative  cost  of  refining  at  the  start,  based  on  the 
quantity  of  material  delivered,  was  therefore  high.  More  recently 
the  cost  has  been  reduced  to  $1.02  per  milligram.  The  cost  of  refin- 
ing in  the  laboratory  has  been  $1.03  per  milligram  of  radium  element. 
This  figure  includes  the  salaries  of  the  men  engaged  in  the  fractionation 
work  and  the  cost  of  chemicals,  gas,  etc.,  but  does  not  include  the 
cost  of  analytical  work  or  supervision  or  other  overhead  charges. 

EXPENDrrUBES  TO  AUGUST  1,  1915. 

The  expenditures  to  August  1,  1915,  exclusive  of  those  for  ore  and 
for  Bureau  of  Mines  cooperation,  are  given  below.  As  already  stated, 
the  proper  distribution  of  costs  on  power,  water,  etc.,  was  not  made 
to  departments  during  the  early  experimental  part  of  the  work,  aU 
such  costs  being  placed  under  ''plant  operation."  Although  this  was 
done  later  on,  as  already  detailed  (pp.  113-115),  it  has  been  thought 
better,  in  giving  the  figures  below,  for  the  sake  of  uniformity,  to  still 
summarize  such  costs  under  ''plant  operation." 

Epcpenditwres  in  plant  of  National  Radium  InsHtuU  to  Aug.  1, 1915. 

■ 
CoDfltniction  and  equipment: 

Old  plant $21, 415. 69 

New  plant * 22, 828. 65 

Sulphate  plant 3, 760. 31 

Nitric  add  plant 4, 439. 95 

Total  chaiges  for  construction  and  equipment $52, 453. 60 

Operation  of  plant: 

Old  plant  (Apr.  1, 1914,  to  Feb.  1, 1915) 33, 250. 91 

Combined  plants  (Feb .  1, 1915,  to  Aug.  1, 1915) 28, 852. 90 

Sulphate  plant  (Oct.  1, 1914,  to  Aug.  1, 1915) 3, 378. 01 

Nitric-add  plant  (Feb.  2, 1915,  to  Aug.  1, 1915) 5, 973. 71 

Chargeable  directly  to  operation 71, 455. 53 

Insurance 1, 134. 01 

Office  expanse 897. 56 

Laboratory 542. 50 

General  miscellaneous 2, 504. 71 

Bxperimental 919. 51 

Chargeable  to  mines  department 2, 015. 20 

Nitric  add  storeroom  stock 815. 13 

General  storeroom  stock 3, 472. 30 

Materials  on  hand  (chemicals,  coal,  etc.) 3, 380. 93 

15, 681. 85 

139, 590. 98 
Chargeable  to  mines  department 2, 015. 20 

Nitric  add  stock 815.13 

Storeroom  stock 3, 472. 30 

Materials  on  hand 3, 380. 93 

9, 683. 56 

Total 129,907.42 
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The  first  ore  used  in  the  plant  was  purchased.  This  gave  an  oppor- 
tunity to  test  out  the  process  before  mining  operations  were  b^un. 
Details  of  costs  of  ore  mined  will  be  given  in  a  bulletin,  being  prepared 
by  the  Bureau  of  Mines,  on  the  mining,  milling,  and  concentration  of 
camotite.  These  costs  cover  mining,  hauling,  freight,  grinding, 
sampling,  70  per  cent  amortization  of  equipment,  Bureau  of  Mines 
cooperation,  royalty,  and  other  overhead  expenses. 

hi  figuring  the  total  cost  of  the  radium  produced,  certain  overiiead 
expenses,  in  addition  to  the  cost  of  the  ore  and  operating  costs,  that 
are  not  included  in  the  operating  costs  must  be  charged  against  the 
radium.  As  the  plant  is  in  excellent  condition  and  with  ordinary  re- 
pairs, which  are  taken  care  of  imder  operating  costs,  wHl  be  perfectly 
serviceable  at  least  10  years,  an  amortization  charge  for  plant  and 
equipment  of  20  per  cent  per  annum  against  eadh  unit  from  the  time 
it  started  operation  imtil  August  1, 1915,  has  been  made  and  shoTild 
be  more  than  ample.  The  time  given  to  the  radium  work  by  the 
technical  men  and  chemists  of  the  Bureau  of  Mines  has  been  charged 
at  the  full  salary  rate,  a  monthly  record  having  been  kept  of  the 
proportionate  amount  of  his  time  given  by  each  man.  Traveling 
expenses  are  also  included. 

As  shown  in  the  table  on  page  110,  4,258  milligrams  of  radium  ele- 
ment was  produced  in  the  form  of  sulphate  from  the  ore  in  the  first  ship- 
ments up  to  and  including  car  P-16,  or  August  1,  1915.  Of  this 
amount,  1,646.56  milligrams  of  radium  element  had  been  delivered, 
the  rest  being  in  the  form  of  imtreated  sulphate  or  in  process  of  frac- 
tionation. In  the  table  below  the  cost  of  refining  for  delivery  these 
untreated  sulphates  has  been  figured  at  the  average  refining  cost 
during  the  last  two  months  considered. 

In  figuring  the  cost  of  the  radium,  the  uranium  and  vanadium 
products  may  be  either  included  or  excluded.  All  the  uranium  and 
vanadium  has  been  recovered  by  the  National  Radium  Institute  plant 
as  sodium  uranate  or  lu'anium  oxide  and  iron  vanadate,  the  whole 
plant  being  designed  and  constructed  with  this  object  in  view.  By 
subtracting  the  actual  costs  connected  with  the  production  of  the 
uranium  and  vanadium  compounds  from  the  total  cost,  a  close  ap- 
proximation of  the  cost  of  the  radium,  provided  the  uranium  and 
vanadium  were  not  recovered,  will  be  obtained,  but  such  a  figure 
will  not  be  exact,  as  under  the  changed  conditions  various  factors 
would  enter  in,  the  effects  of  which  can  only  be  estimated.  On  this 
basis  the  average  cost  of  1  gram  of  radium  element,  including  the 
more  expensive  early  treatment,  may  be  determiaed  as  follows: 
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Cast  of  radium  production  to  Aug.  1,  1915, 

Opeiating  costs  to  Aug.  1 : 

Total  expenditures $129, 907. 42 

Construction  and  equipment 52, 453. 60 

'■ $77, 453. 82 

Cost  of  ore  treated 69, 767. 99 

Amortization  of  plant  and  equipment  at  20  per  cent  per  annum 9, 065. 90 

Cost  of  United  States  Bureau  of  Mines  coox)eration  (plant  department) ...    13, 628. 38 
Cost  of  refining  2,611.44  milligrams  of  radium  element  (estimated) 5, 353. 00 

175,269.09 
Less  costs  in  connection  with  the  production  of  the  uranium  and  vanadium 

compounds 19, 947. 00 

Total  cost  of  4,258  Twilligrftfnn  of  radium  element 155, 322. 09 

As  already  dtated,  refuiing  losses  have  almost  certaioly  been  less 
than  2  per  cent  and  probably  less  than  1  per  cent.  In  order,  how- 
ever, to  be  on  the  safe  side,  an  allowance  of  3  per  cent  is  made  for 
such  losses;  4,258  milligrams  less  3  per  cent  is  4,131  miUigrams, 
which  represents  the  radimn  finally  recovered  as  high^ade  salts. 
The  average  cost  afl  gram  of  radium  elemerU  Jias  therefore  been  $87^599. 
It  shoidd  be  remembered  that  this  cost  includes  the  much  higher  oper- 
ating costs  of  the  smaller  experimental  plant  and  that  the  first  2 
grams  of  radium  extracted  cost  considerably  more  per  gram  than  the 
last  3  grams;  also  there  have  been  extracted  31,650  poimds  of  uranium 
oxide  and  11,528  pounds  of  vanadium  oxide.  This  material  has  all 
been  contracted  for  and  in  part  dehvered.  The  returns  from  its  sale 
win  considerably  more  than  cover  the  cost  of  its  production,  and  this 
profit,  together  with  other  credits,  will  ultimately  lower  by  several 
thousand  doUars  the  cost  per  gram  of  radium. 

As  the  price  of  ore  is  variable,  the  question  will  naturally  arise  as 
to  the  influence  of  the  price  of  ore  on  the  figures  given  above.  A 
simple  calculation  wiU  show  at  once  that  the  cost  of  extracting 
radimn,  exclusive  of  the  cost  of  the  ore,  has  been  $20,710  per  gram. 
The  ore  included  in  the  figure  of  $69,767.99  cited  for  the  cost  of  ore 
used  in  the  investigation  herein  outUned  was  partly  purchased  before 
the  war  and  partly  mined  by  the  National  Radium  Institute  at  Long 
Park,  Colo.  As  723.97  tons  was  used,  the  average  cost  was  $96.36 
per  ton.  If  the  ore  had  cost  $120  per  ton,  the  cost  of  radimn  would 
have  been  $41,742  per  gram,  and  for  every  additional  amoimt  of  $20 
per  ton  above  these  figures  the  cost  of  radium  would  increase  approxi- 
mately $4,000  per  gram. 

As  it  is  the  hope  of  the  bureau  and  one  of  the  pmrposes  of  this 
investigation  that  the  miners  shall  receive  a  more  adequate  return 
for  their  ore,  the  figures  presented  herein  wiU  enable  anyone  inter- 
ested to  determine  the  approximate  cost  of  radium  by  the  methods 
outlined  under  any  market  price  for  ore  that  may  prevail. 
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BLACK  DAMP  IN  MINES. 


By  G.  a.  BurrelL;  I.  W.  Robertson,  and  G.  G.  Oberfell. 


INTRODXTCnON. 

The  Bureau  of  Mines,  in  pursuing  investigations  looking  to  greater 
safety  in  mining,  has  analyzed  samples  of  the  air  in  many  different 
coal  mines  in  the  United  States,  and  has  studied  the  analyses.  This 
report  presents  the  results  of  one  phase  of  this  study  and  shows  how 
atmospheric  air,  after  entering  a  coal  mine,  loses  oxygen  and  gains 
carbon  dioxide  with  resulting  formation  of  so-called  black  damp. 
Also  the  report  discusses  the  effects  of  the  constituents  of  black  damp 
on  men,  on  the  burning  of  oil  and  acetylene  lamps,  and  on  the  ex- 
plosibility  of  methane. 

The  term  ''black  damp"  was  and  still  is  widely  used  to  designate 
accumulations  of  carbon  dioxide,  but  a  more  exact  definition  of  black 
damp,  as  Haldane,  the  English  physiologist,  has  pointed  out,  is  an 
accumulation  of  carbon  dioxide  and  nitrogen  in  proportions  larger 
than  those  found  in  atmospheric  air.  The  reasons  for  preferring  Hal- 
dane's  definition  are  given  on  succeeding  pages. 

OGMPABISON  OF  ATMOSPHBBIC  AIB  WITH  MINB  AIB. 

When  atmospheric  air  enters  a  coal  mine,  it  changes  in  composition 
according  to  (1)  the  velocity  with  which  it  traverses  the  workings; 
(2)  the  amount  of  coal  with  which  it  comes  in  contact — that  is,  the 
extent  of  the  mine  workings  that  it  traverses;  (3)  the  gaseous  nature 
of  the  seam;  (4)  the  tendency  of  the  coal  to  absorb  oxygen;  and  (6) 
the  temperature  and  wetness  of  the  mine. 

As  regards  the  details  mentioned,  the  governing  conditions  are  as  fol- 
lows: (1)  Other  things  being  equal,  more  carbon  dioxide  and  methane 
are  present  and  there  is  a  greater  deficiency  of  oxygen  at  places  where 
the  air  is  still,  as  at  working  faces  and  in  old  workings.  (2)  The  purity 
of  the  air  depends  on  the  distance  it  has  traveled,  so  that  in  a  well- 
ventilated  mine  the  air  is  purer  at  working  faces  near  the  shaft  than 
at  those  that  are  remote.  In  the  same  mine  the  air  will  be  fresher 
and  purer  when  the  mine  is  ventilated  by  a  split  system  than  when 
the  air  traverses  each  working  face  and  entry.  (3)  Some  mines  vary 
greatly  as  regards  the  generation  of  methane.    Methane  is  not  only 
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dangerously  inflammable,  but,  if  introduced  in  large  proportions  at 
some  parts  of  a  mine,  it  lowers  the  oxygen  content  of  the  atmosphere  to 
such  an  extent  that  the  atmosphere  will  not  support  the  combustion 
of  lamps  or  even  will  not  support  life.  (4)  Coals  diBfer  as  r^ards 
their  power  of  absorbing  oxygen.  Absorption  of  oxygen  is  never 
accompanied  by  a  molecular  proportional  increase  in  the  amount  of 
carbon  dioxide  produced,  for  the  oxygen  combines  with  certam 
unsaturated  hydrocarbon  compounds  in  the  coal.  (5)  The  amount 
of  water  vapor  in  air  js  principally  a  function  of  the  temperature  of  the 
air;  hence,  if  air  that  is  comparatively  dry  enters  a  mine,  if  the  tem- 
perature of  the  mine  is  higher  than  the  outside  temperature,  and  if 
the  mine  is  comparatively  wet,  then  the  proportion  of  water  vapor 
taken  up  by  the  mine  air  may  be  greatly  in  excess  of  that  in  the 
atmospheric  air. 

In  mines  other  than  coal  mines  the  chief  factors  that  decrease 
the  oxygen  content  of  the  mine  air  are  the  velocity  of  the  air  cur- 
rent, the  extent  of  the  workings  traversed  by  the  air,  the  amount  of 
oxygen  taken  from  the  air,  and  the  amount  of  carbon  dioxide  or  other 
suffocating  gases  added  to  it  by  the  decay  of  mine  timbers,  the  burn- 
ing of  Ughts,  the  breath  of  men  and  of  animals,  and  the  oxidation  of 
n^n^f als,  and  also  by  the  gases  given  off  from  the  rocks  penetrated. 

COMPOSITION  OF  THB  ATMOSPHBBB. 

Pure  dry  air  as  analyzed  contains,  by  volume,  20.93  per  cent  of 
oxygen,  0.03  per  cent  of  carbon  dioxide,  and  79.04  per  cent  of  nitrogen. 
Included  in  the  nitrogen  content  are  the  f  out  inactive  gases — ^argon, 
krypton,  neon,  and  xenon.  These,  with  the  exception  of  argon,  which 
constitutes  0.94  per  cent  of  air,  are  present  in  exceedingly  small  pro- 
portions. Water  vapor  is  also  present  in  the  air,  varying  greatly  in 
amount  at  different  times  and  in  different  places.  The  temperature 
of  the  air  ia  the  most  important  factor  in  determining  water- vapor 
content. 

Different  analysts  have  found  that  pure  air  differs  slightly  in  com- 
position from  the  figures  given  above,  but  these  variations,  with  the 
exception  of  carbon  dioxide,  for  which  the  occasional  variation  may 
be  one  or  two  himdrcdths  of  1  per  cent,  are  due  to  unavoidable 
inaccuracies  in  the  analyses.  Fure  air  has  the  same  composition  by 
volimie  at  sea  level  or  on  mountain  peaks  or  at  heights  that  may  be 
reached  only  with  balloons.  This  constancy  of  composition  is 
brought  about  by  a  gaseous  exchange  between  the  plant  and  the  ani- 
mal life,  because  animals  throw  off  carbon  dioxide,  whereas  all  the 
higher  forms  of  plant  life  absorb  it.  All  of  the  carbon  dioxide  of  the 
living  world  comes  from  the  0.03  per  cent  of  carbon  dioxide  in  the 
atmosphere. 
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TKANSFBB  OF  OZYQBN  AND  CABBON  DIOXIDB  IN  BBBATHZNQ. 

When  a  man  breathes,  air  enters  the  lungs.  The  oxygen  from  the 
air  passes  through  the  delicate  lining  membrane  of  the  air  cells  of 
the  lungs  into  the  blood,  where  it  forms  a  loose  chemical  combination 
with  the  hsBmoglobin  in  the  red  corpuscles.  Thus  loosely  combined 
the  oxygen  is  oonveyed  to  the  heart,  and  thence  through  the  arteries 
to  the  capillaries,  where  it  separates  from  the  hsemoglobin  and 
passes  through  the  capillary  walls  to  the  tissues,  where  it  is  con- 
sumed. Carbon  dioxide  passes  from  the  tissues  in  a  corresponding 
manner,  forms  a  loose  combination  (as  bicarbonate  and  possibly  other 
compounds)  in  the  blood  and  is  conveyed  by  the  veins  to  the  lungs, 
where  the  combinations  break  down,  and  the  carbon  dioxide  passes 
from  the  lining  membrane  of  the  lungs  into  the  breath. 

BFFBCT8  ON  KAN  OF  VABIATIONS  IN  COMPOSITION  AND  AHOTTNT 

OF  AIB. 

EFFECT  OF  CABBON  DIOXIDE. 

As  r^ards  the  amount  of  carbon  dioxide  present  that  may  give 
rise  to  symptoms  of  poisoning,  Haldane  and  Smith  <*  carried  out  a 
number  of  experiments  on  animals  and  men  and  demonstrated  that 
these  symptoms  did  not  begin  to  appear  till  3  to  4  per  cent  of  the 
gas  was  present,  when  the  breathing  became  slightly  affected.  Men 
can,  however,  go  on  working  for  a  considerable  time  in  this  atmos- 
phere without  feeling  serious  discomfort,  although  they  will  certainly 
become  quickly  fatigued,  and  great  exertion  will  cause  panting;  but 
Haldane  kept  animals  for  weeks  in  this  atmosphere  without  causing 
them  much  inconvenience.  A  proportion  of  7  to  8  per  cent  causes 
more  apparent  symptoms,  and  with  10  per  cent  the  distress  is  great, 
the  headache  becomes  much  more  severe,  there  is  marked  dyspncea, 
throbbing  pulse,  and  flushing  of  the  face,  and  the  gas  begins  to  have  a 
stupefying  effect.  With  12  to  15  per  cent,  cerebral  symptoms  appear, 
&nd  the  patient  soon  becomes  unconscious.  Death  may  take  place 
after  exposure  for  several  hours  to  25  per  cent,  but  Haldane  found 
that  some  animals  may  breathe  a  much  greater  percentage,  even  50 
I)er  cent,  without  dying. 

The  concentration  of  carbon  dioxide  in  the  lungs  is  automatically 
regulated,  so  that  it  is  remarkably  constant,  practically  without  rela- 
tion to  changes  in  the  rate  of  breathing,  provided  respiration  is  not 

•  Haldane,  J,  8,,  and  Smith,  Lorain,  Phjrslological  effects  of  air  vitiated  by  respiration:  Jour.  Path. 
Bact.,  vol.  1,  im,P'  174. 
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forced.    This  relation  was  shown  by  experiments  of  Haldane  and 
Priestly,*  the  results  of  which  follow: 

Results  of  *,xpenmerU8  of  Haldane  and  Priestly  to  determine  relation  between  rapidity  of 

respiration  and  concentration  of  carbon  dioxide  in  lungs. 


Subject. 


J.S.  Haldanfl. 


Do. 


J.  O.  Priestly. 


Respira- 
tions per 
mlnate. 


9 
19 

9 
20 
10.5 
30 


Proportion  of  carbon  diozida 
InalTeoiarair — 


At  end 
of  Inspi- 
ration. 


Percent, 
&59 
6.56 
5.33 
5.44 
5.95 
5.96 


At  end 
of  expi- 
ration. 


Percent. 
6.87 
5.70 
6.47 
5.60 
6.74 
6.05 


Mean. 


Percent 
5.73 
5.63 
S.40 
5.53 
6.35 
6.06 


Even  during  muscular  exertion  Haldane  "  and  Priestly  found  that 
when  the  percentage  of  carbon  dioxide  in  the  inspired  air  was 
increased  to  4  or  5  per  cent  the  partial  pressure  of  the  carbon  dioxide 
in  the  air  in  the  air  cells  of  the  lungs  was  practically  constant. 

The  effect  of  breathing  air  containing  carbon  dioxide  is  to  stimulate 
the  so-called  respiratory  center  in  the  brain  and  increase  the  depth 
of  breathing.  This  increase  in  the  depth  of  breathing  is  brought 
about  by  the  smallest  increase  in  the  percentage  of  carbon  dioxide 
in  the  inspired  air,  and  is  sufficient  to  keep  constant  the  percentage 
of  carbon  dioxide  in  the  alveoli,  or  air  cells,  of  the  lungs.  This 
response  of  the  respiratory  center  of  the  brain  to  carbon  dioxide 
is  seen  during  muscular  work.  The  latter  increases  the  production 
of  carbon  dioxide  in  the  arterial  blood,  resulting  in  an  involuntarily 
increased  depth  of  breathing  proportionate  to  the  extra  production 
of  carbon  dioxide,  hence  there  results  the  rapid  breathing  (hyperp- 
ncea)  seen  during  exercise.  So  small  an  amount  of  carbon  dioxide 
in  the  atmosphere  as  1  or  2  per  cent  does  not  materially  endanger  the 
life  and  comfort  of  those  who  breathe  it,  but  does  decrease  their 
efficiency  as  workmen.  A  man  is  forced  to  breathe  a  larger  amoimt 
of  air  in  a  given  time,  and  this  breathing  consumes  energy  just  as  the 
work  he  is  doing  consumes  energy. 

An  increase  of  50  per  cent  in  the  amount  of  air  breathed  is  brought 
about  by  the  presence  of  1.4  per  cent  CO,  in  the  inspired  air,  according 
to  Douglas,  Haldane,  Henderson,  and  Schneider.^  They  add  that 
panting  then  becomes  excessive  even  if  a  man  does  a  great  deal  less 
muscular  work  than  he  could  do  in  normal  air. 

a  Haldaoei  J.  8.,  and  Priestly,  J.  Q.,  The  regulation  of  the  Itfiig  ventilation:  Jour.  Physiol.,  tcL  S2, 1906, 
p.  225. 

»  Douglas,  C.  O.,  Haldane,  J.  S.,  Henderson,  Y.,  and  Schneider,  E.  C,  Physiological  obserraUons  mads 
on  Pikes  Peak,  Colo.:  Philos.  Trans.  Boy.  Soc.  London,  ser.  B,  vol.  203,  February,  1913,  pp.  220-221. 
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EFFECT  OF  DIMnOSHED  OXYGEN  SUPPLY. 

Abnormally  rapid  breathing  is  also  brought  about  by  want  of 
oxygen.  In  some  individuals  such  breathing  is  produced  when  the 
oxygen  percentage  of  the  air  is  less  than  13  (normally  about  ^1)  per  - 
cent.  Rapid  breathing  is  produced  much  more  quickly  by  excess 
of  carbon  dioxide  than  by  a  corresponding  deficiency  of  oxygen.  The 
important  practical  point  to  remember  is  that  rapid  breathing  caused 
by  carbon  dioxide  starts  long  before  danger  becomes  serious,  whereas 
when  it  is  produced  as  the  result  of  a  deficiency  of  oxygen  it  is  a 
grave  symptom  and  points  to  serious  danger. 

Bert  ^  showed  that  the  abnormal  symptoms  and  dangers  associated 
with  low  barometric  pressure  depend,  not  on  the  diminished  mechan- 
ical pressure^  but  on  tiie  diminished  partial  pressure  of  the  oxygen  and 
consequent  imperfect  aeration  of  the  arterial  blood  with  oxygen. 
He  found  that  definite  symptoms  of  want  of  oxygen  began  to  appear 
whenever  the  partial  pressure  of  the  oxygen  was  reduced  below  a 
certain  limit.  Thus  at  ordinary  atmospheric  pressure  a  cat  died  when 
the  proportion  of  oxygen  was  reduced  to  about  4.5  per  cent,  or  a 
partial  pressure  of  4.5  per  cent  of  an  atmosphere.  At  a  barometric 
pressure  of  0.5  atmosphere,  on  the  other  hand,  the  animal  died  when 
the  oxygen  wfis  reduced  to  about  9  per  cent,  which  is  again  4.5  per  cent 
of  an  atmosphere,  and  at  a  pressure  of  2  atmospheres  a  reduction 
of  the  oxygen  percentage  to  2.25  per  cent  was  needed.  He  established 
the  general  law  that  the  physiological  action  of  a  gas  depends  on  its 
partial  pressure,  and  further  showed  that  the  percentage  by  volume 
of  oxygen  taken  up  by  the  blood  either  in  the  lungs  or  outside  the 
body  depends  on  the  partial  pressure  of  the  oxygen,  and  is  greatly 
reduced  when  the  lowering  of  oxygen  pressure  becomes  dangerous. 

When  men  or  animals,  even  though  at  rest,  are  subjected  to  atmos- 
pheres deficient  in  oxygen  or  at  low  pressures,  marked  hyperpnoea  is 
rapidly  produced.  Marked  hyperpnoea  caused  by  oxygen  want  is 
only  temporary,  and  is  due  to  the  fact  that  the  want  aids  carbon 
dioxide  in  exciting  the  respiratory  center.^  For  a  short  time  the 
proportion  of  carbon  dioxide  already  present  in  the  blood  and  tissues 
18  more  than  enough  to  excite  the  center.  When  the  excess  has  been 
eliminated  by  a  temporary  hyperpnoea  the  breathing  again  becomes 
quiet,  and  if  the  transition  to  want  of  oxygen  is  gradual  the  tem- 
porary marked  hyperpnoea  is  not  noticed.  Want  of  oxygen  without 
the  aid  of  carbon  dioxide  does  not  excite  the  respiratory  center  at  all.^ 

•  Bert,  Paul,  La  pnaskn  barom^triqu^.  1878. 

k  Haldbne,  J.  S.,.and  Pooltai,  B.  P.,  Effects  of  want  of  oxygen  on  respiration:  Jour.  Physiol.,  vol.  ^, 
IMS,  p.  800. 
c  HoDdem,  Yandell,  Apooea  and  shook:  Am.  Jour.  Physiol.,  vol.  25, 1910,  pp.  310, 385. 
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BLACK   DAMP   IN   MINES. 


EFFECT  OF  AIE  AT   HIGH  ALTITUDES. 

Men  ascend  to  high  altitudes  where  the  air  is  ''thin/'  and  conse- 
quently the  partial  pressure  of  the  oxygen  as  compared  with  that  at 
sea  level  is  smaQ.  Under  the  same  conditions  of  temperature  and 
pressure  the  expansion  of  different  gases  is  practically  the  same. 
Hence  the  proportion  by  volume  of  oxygen,  nitrogen,  etc.,  in  air 
remains  the  same,  no  matter  what  the  altitude,  but  the  percentage 
by  weight  varies  as  the  pressure  changes.  Air  at  sea  level  and  at  a 
barometric  pressure  of  760  mm.  contains,  by  weight,  about  23  per 
cent  of  oxygen,  but  at  half  that  pressure,  or  380  mm.,  contains  only 
halt  of  23  per  cent,  or  11.5  per  cent. 

The  table  following  shows  the  barometric  pressures  at  different 
heights,  ako  the  partial  pressure  of  the  oxygen — that  is,  the  per- 
centage of  oxygen  that  would  correspond  to  the  same  attenuation 
of  air  at  sea  level. 

Partial  presstires  of  oxygen  corresponding  to  different  hcarometric  pressures. 


Altitude. 

Partial 

Inches  of 

Baro> 
metric 

pressure  of 
oxygen 

mercury. 

pressure, 

compared 

Meters. 

Feet. 

e 

mm.o(Hg. 

to  pressure 
atsealeveL 

0 

0 

30.0 

760 

21 

1,000 

3,280 

26.0 

670 

18.6 

2,000 

6,500 

23.4 

502 

16.3 

3,000 

9,840 

20.0 

522 

14.4 

4,000 

12,290 

18.2 

460 

12.7 

5,000 

16,405 

10.0 

406 

11.2 

6,000 

19,580 

15.4 

358 

9.9 

7,000 

22,905 

12.5 

310 

8.7 

8,000 

26,245 

11.0 

279 

7.7 

In  explorations  of  the  Himalayas  the  Due  d'Abruzzi  and  his 
companions  climbed  to  a  height  of  24,580  feet,  the  barometric  pres- 
sure being  312  mm.,  and  the  partial  pressure  of  the  oxygen  about  8 
per  cent.*  At  this  point  the  explorers  f olt  no  discomfort  during  rest 
and  seemingly  did  not  experience  any  difficulty  in  performing  the 
work  required  in  climbing. 

However,  after  the  explorers  had  lived  for  several  weeks  at  a  height 
of  17,000  feet  above  sea  level,  the  atmosphere  did  work  some  harm- 
ful effects,  revealed  only  gradually  in  a  slow  decrease  of  appetite 
and  consequent  lack  of  nourishment,  but  without  any  disturbance  of 
digestion.  Of  course,  ultimately  this  insufficient  nourishment  would 
have  caused  a  lowering  of  vitaUty,  loss  of  flesh,  and  a  certain  amount 
of  ansBmia.  However,  the  effect  was  so  slow  that  even  at  the  end 
of  two  months  the  men  were  able  to  make  long  marches  without 
becoming  excessively  tired. 

a  Filippi,  Dl  Filippo  de,  Karakoram  and  western  nimalaya,  1909,  pp.  361-368. 
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Many  people  are  affected  at  a  height  of  6,000  to  9,000  feet.  Every- 
body suffers  from  shortness  of  breath  and  fatigue  at  12,000  feet,  and 
serious  symptoms  frequently  develop  at  16,000  feet.  At  this  height 
the  partial  pressure  of  the  oxygen  corresponds  to  air  at  sea  level 
containing  about  11.5  per  cent  oxygen.  However,  people  can  hve 
at  very  high  altitudes.  In  Peru,  !6oUvia,  and  northern  Chile  a  large 
proportion  of  the  population  live  above  10,000  feet.  The  elevation 
of  the  observatory  at  El  Mista,  in  the  Andes,  is  about  19,000  feet. 
It  takes  time,  however,  for  the  body  to  adapt  itself  to  such  an  attenu- 
ation of  the  air.  A  person  unaccustomed  to  it  and  suddenly  plunged 
into  such  an  atmosphere  would  experience  severe  distress. 

EFFECT  OF  BREATHING  A   DECREASING   OXYGEN   SUPPLY. 

Some  instructive  experiments  on  this  point,  in  which  one  of  the 
authors  participated,  are  described  in  Technical  Paper  122«  and 
summarized  in  Technical  Paper  109.*  The  experiments  were  made 
under  the  direction  of  Yandell  Henderson,  professor  of  physiology  at 
Yale  University. 

A  man  breathed  air  in  and  out  of  a  bag  having  a  capacity  of  about 
70  Uters.  By  means  of  a  can  of  caustic  potash  inserted  between  the 
man's  mouth  and  the  bag  the  exhaled  carbon  dioxide  was  removed. 
Under  these  conditions,  of  course,  the  oxygen  content  of  the  air 
breathed  gradually  fell.  When  it  had  fallen  to  about  7  per  cent  the 
subject  lost  consciousness  for  a  few  seconds. 

TOie  mode  of  action  of  the  ''oxygen  want"  is  instructive.  The 
subject  felt  no  urgent  warning  symptoms  up  to  the  time  of  collapse. 
In  fact,  he  wanted  to  continue,  and  just  before  collapse  made  a  show 
of  resistance  against  discontinuing  the  experiment.  He  felt  no  real 
distress  until  some  time  after  the  experiment.  The  next  day  he  was 
decidedly  imwell. 

EFFECT  OF  A  MINE  ATMOSPHERE  LOW  IN  OXYGEN. 

In  its  insidious  action  ''oxygen  want"  acts  as  carbon  monoxide 
frequently  does,  that  is,  when  the  oxygen  is  slowly  decreased.  One 
difficulty  in  comparing  the  mode  of  action  of  the  two  lies  in  the  scarcity 
of  experimental  data  regarding  the  effects  on  men  of  atmospheres 
containing  small  percentages  of  oxygen^.. 

Much  light  is  thrown  on  the  action  of  the  two  gases  by  an  accident 
that  occurred  in  the  Lodge  Mill  Colliery,  Huddersfield,  England.*' 

aBorrell,  O.  A.,  and  Oberfell,  O.  O.,  Effects  of  atmospheres  deficient  in  oxygen  on  small  animals  aad 
on  men:  Tech.  Paper  122,  Bureau  of  Mines,  1915,  pp.  7-4). 

tf  Buirell,  Q.  A.,  and  Oberfell,  O.  0.,  Composition  of  natural  gas  used  in  25citi6s,  with  a  discussion  of  the 
properties  of  natural  gas:  Tech .  Paper  109,  Bureau  of  ICines,  1915,  pp.  16-18. 

c  Lloyd,  W.  D.,  The  use  of  rescue  apparatus  at  Lodge  Mill  Colliery,  Huddersfield:  Coll.  Ouard.,  vol.  106, 
Nov.  7, 1913,  p.  067. 


12  BLACK   DAMP  IN   MIKE6. 

Three  men  were  in  a  disused  part  of  the  mine,  and  two  of  them, 
A  and  B,  were  overcome  by  the  black  damp  at  3.30  a.  m.  A  third, 
C,  was  overcome  at  4  a.  m.  in  an  attempt  to  rescue  his  comrades.  At 
1  p.  m.  of  the  same  day  rescuers  equipped  with  breathing  apparatus 
removed  C  and  about  an  hour  later  removed  A.  A  little  later  B  was 
found  dead.  Both  A  and  G  were  in  a  critical  condition  but  still 
breathing.  A  died  three  days  later.  The  air  in  which  the  men  were 
overcome  contained  a  high  percentage  of  methane  and  had  a  corre- 
spondingly low  oxygen  content.  Haldane,^  in  speaking  of  this 
disaster,  made  the  following  comment: 

All  the  &tct8  recorded  indicate  that  the  men  were  overcome  by  the  insufficiency 
in  the  oxygen  percentage  of  the  air.  There  was  no  reason  to  suspect  the  presence  of 
carbon  monoxide  as  there  was  no  gob  fire  or  heating.  In  addition,  the  blood  of  the 
dead  man  was  black,  not  red,  as  it  would  have  been  if  death  had  been  due  to  carbon 
monoxide.  It  is  probable  that  sufficient  fire  damp  was  present  to  reduce  the  oxygen 
to  7  or  8  per  cent.  The  fact  that  A  did  not  recover  was  due  to  exactly  the  same  cause 
which  often  prevents  men  recovering  after  severe  carbon  monoxide  poisoning.  The 
tissues  have  been  severely  damaged  by  the  prolonged  exposure  to  dearth  of  oxygen, 
so  that,  although  the  oxygen  supply  is  completely  restored,  recovery  is  doubtful.  In 
the  case  of  A  the  post-mortem  examination  revealed  the  fact  that  the  heart  was  dilated. 
Probably  the  heart  muscles  and  the  other  tissues  were  in  a  condition  of  &tty  degen- 
eration caused  by  the  want  of  oxygen.  The  writer  has  seen  other  similar  cases  of 
dilatation  simulating  severe  heart  disease,  and  only  slowly  recovering  after  prolonged 
exposure  to  carbon  monoxide  poisoning.  So  far  as  he  is  aware,  however,  this  is  the 
only  recorded  case  of  death,  after  partial  recovery,  from  exposure  to  an  atmosphere 
which  was  simply  deficient  in  oxygen,  apart  from  the  presence  of  carbon  monoxide. 

EFFECT  OF  ATMOSPHBBBS  LOW  IN  OZYQEN  ON  CANABIBS  AND 

MICE. 

Some  experiments  to  determine  the  effect  of  atmospheres  low  in 
oxygen  on  mice  and  canaries,  performed  by  the  authors  of  this  bul- 
letin, are  described  in  Technical  Paper  122.^  In  conducting  the 
experiments,  atmospheres  containing  various  percentages  of  nitrogen 
and  oxygen  were  prepared  in  10-liter  bell  jars.  For  the  nitrogen 
supply  a  tank  containing  nitrogen  with  a  small  percentage  of  oxygen 
was  obtained.  The  atmosphere  in  the  tank  analyzed  97.8  per  cent 
nitrogen  and  2.2  per  cent  oxygen. 

In  the  experiments  with  canaries  three  birds,  designated  A,  B, 
and  C,  were  used.    Tabulated  results  of  the  experiments  foUow: 

o  Haldaoe,  J.  S.,  Note  on  paper  by  W.  D.  Lloyd:  Coll.  Guard.,  vol.  106,  Nov.  7, 1913,  pp.  057-058. 
b  Buirell,  O.  A.,  and  Oberfell,  O.  O.,  Effect  of  atmospheres  defleieat  in  oxygen  on  small  Mifmals  and 
on  men:  Tech.  Paper  122, 1915,  pp.  5-& 
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Table  1 . — Results  of  experimtnts  to  determine  effect  on  canaries  of  breathing  atmospheres 

low  in  oxygen. 


Canary. 

CompositioQ  of  atmosphere  during  experiment. 

Trial 
No. 

At  beginning. 

At  end. 

Effect  en  canary. 

Oxy- 
gn. 

Nltro- 
gan. 

Carbon 
dioxide. 

Oxy- 
gen. 

NItro. 
gen. 

Carbon 
dioxide. 

1 

2 

B 

C 

A 

C 

A 

P.et. 
9^43 

9.26 
7.65 

7.83 

7.10 

P.et. 
90.48 

90.65 
9Z25 

92.07 

93.80 

P.et. 
a  10 

.10 
.10 

.10 

.10 

P.et. 
8.50 

P,ct. 
90.90 

P.et. 
0.60 

Immediate  distress  evinced  by  rapid 
breathing,  open  bfU,  and  tendency 
to  wabble,  in  10  minutes  the  bird 
was  seemingly  in  normal  condi- 
tion except  for  slightly  increased 
rate  of  breathing.  It  was  removed 
from  the  atmosphere  after  l  horn*. 

Behaved  similarly  to  canary  B  in 
trial  1. 

Showed  inmiediate  distress  by  pant- 
fiiff  and  misteadlness,  but  did  not 
oouapse.  It  did  not  evince  any 
more  distress  than  canary  B  in 
trial  1.  It  was  left  in  the  atmos- 
phere for  1  hour. 

Collapsed  as  soon  as  it  was  plaoed  in 
the  atmosphere.  It  breathed  very 
slowly,  with  eyes  and  bill  cIoscnI, 
but  recovered  its  normal  state  in 
less  than  a  minute  after  it  had  been 
removed  to  fresh  air. 

Showed  distress,  but  did  not  ooDapae 
hi  30  minutes.  When  canary  C 
vras  placed  in  the  atmosphere  It 
immediately  collapsed. 

8 
4 

7.55 

93.05 

.40 

6 

♦ 

The  next  experinlents  were  made  with  white  mice  instead  of 
canaries.    Tabulated  results  follow. 


Tablb  2,^-Res%Uts  of  experiments  to  determine  effect  on  white  mice  of  atmospheres  deficient 

in  oxygen.  • 


Composition  of  atmosphere  during  experiment. 

Trial 
No. 

At  beginning. 

At  end. 

Effect  on  mouse. 

Oxy- 
gen. 

Nitro- 
gen* 

Carbon 
dioxide. 

Oxy- 
gen. 

Nitro- 
gen. 

Carbon 
dioxide. 

1 

3 

3 

P.  a. 
7.07 

0.89 
6.70 
5.90 

P.et. 
93.83 

98.01 
93.00 
94.00 

P.et. 
a  10 

.10 
.30 
.10 

P.et. 
7.76 

7.13 

P.et. 
02.05 

92.78 

P.et. 
0.20 

.10 

Showed  immediate  symptoms  of  distress.  At 
times  it  appeared  normal  and  agafai  ap- 
peared sluggish.  Did  not  collapse.  It  was 
left  in  the  atmosphere  1  hour. 

Same  as  on  mouse  in  trial  1. 

8f^nie  AS  on  mice  In  trials  1  and  2. 

4 

Showed  immediate  distress  and  collapsed  in 
6  minutes.    One  minute  after  removal  from 
the  atmosphere  it  was  on  its  feet. 

14  BIACK  DAMP  IN   MINES. 

GENERAL  OOMMENTS  ON  TESTS. 

Canaries  show  some  distress  in  atmospheres  containing  9.4  per  cent- 
oxygen.  The  distress  is  more  pronomxced  in  atmospheres  containing 
as  low  as  7.6  or  7.8  per  cent,  hut  even  in  an  atmosphere  containing 
as  little  as  7.1  per  cent  of  oxygen  they  may  or  may  not  coUapse. 
Mice  are  sUghtly  more  resistant  to  atmospheres  low  in  oxygen.  In 
an  atmosphere  containing  about  7  per  cent  of  oxygen  they  show  some 
distress  and  become  more  or  less  sluggish  if  left  in  it.  One  mouse 
resisted  an  atmosphere  containing  as  httle  as  5.9  per  cent  of  oxygen 
before  it  collapsed.  With  that  percentage,  collapse  did  not  occur 
until  the  mouse  had  been  exposed  for  6  minutes. 

EFFECTS  OF  OXYGEN  DBFIdENOY  AS  SHOWING  BBLATIVB  VAI«X7B 
OF  BIRDS  AND  HIOB  IN  EZPLOBINQ  MINES. 

From  the  foregoing  experiments  on  birds^  mice,  and  men,  it  will 
be  seen  that  oxygen  want  begins  to  affect  men  in  about  the  same 
time  as  it  does  mice  and  canaries,  and  the  percentages  that  cause 
collapse  are  not  much  different.  Animals  differ  sUghtly  as  to  their 
resistance  to  collapse  in  atmospheres  low  in  oxygen,  and  presumably 
the  same  is  true  of  men.  The  fact  is  evident  that  exploring  parties 
in  mines  can  not  satisfactorily  use  birds  and  mice  to  detect  atmos- 
pheres low  in  oxygen. 

Canaries  are  of  chief  value  in  showing  by  their  behavior  the  pres- 
ence of  carbon  monoxide.  Afterdamp  may  contain  enough  oxygen, 
about  17  per  cent,  to  support  the  flame  of  an  oil-fed  lamp,  so  that 
exploring  parties  entering  it  would  have  no  means  of  knowing  that  the 
air  is  low  in  oxygen,  although  the  presence  of  dangerous  percentages 
of  carbon  monoxidecould  be  detected  by  the  action  of  thecanaries,  even 
if  it  is  not  shown  by  the  flame  of  the  safety  lamp .  When  mine-exploring 
parties,  imequippod  with  breathing  apparatus,  reach  an  atmosphere  in 
which  oil  lamps  are  extinguished,  they  are  Ukely  to  proceed  close  to  or 
into  dangerous  atmospheres  if  they  advance  farther,  even  if  provided 
with  canaries  for  detecting  vitiated  air.  The  acetylene  lamp  does  not 
become  extinguished -until  the  proportion  of  oxygen  falls  to  about  13 
per  cent.  In  such  an  atmosphere  a  party  is  not  in  immediate  danger, 
although  close  at  hand  there  may  be  atmospheres  considerably  lower 
in  oxygen,  and  hence  dangerous,  into  which  a  person  might  walk  in 
a  very  short  time.  However,  any  party  exploring  a  mine  after  a 
disaster  and  using  canaries  would  also  be  equipped  with  oil  safety 
lamps  and  with  electric  lamps,  so  that  acetylene  lamps  need  hardly 
be  considered. 
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EFFECT  OF  TEMPBBATUBE  AND  MOISTTTBB  ON  MAN. 

The  temperature  of  the  atmosphere  is  important  in  that  it  governs 
the  capacity  of  air  for  absorbing  moisture.  A  hot,  moist  atmosphere 
preve[nts  the  evaporation  of  perspiration  from  the  body.  If,  in 
addition,  hot,  moist  air  is  stationary,  it  becomes  entangled  between 
the  clothing  and  skin,  and  becomes  warmed  to  body  temperature. 
Hence,  the  body  can  not  lose  heat  to  the  air,  and  the  skin  becomes 
warmed  and  bathed  in  perspiration.  Putting  a  fan  in  operation 
whirls  the  hot,  warm  air  away  from  the  body  and  allows  cooler  air 
to  take  its  place,  accoimting  for  the  beneficial  effect  of  a  fan  in  a 
room,  even  if  fresh  outside  air  is  not  finding  access.  If  the  wet-bulb 
temperature  is  99*^  F.  (body  temperature),  the  body  will  not  lose 
heat,  but  if  the  external  temperature  is  79**  or  69®  F.,  perspiration 
can  evaporate.  Experience  has  taught  that  when  the  wet-bulb 
temperature  exceeds  75®  F.  the  amount  of  work  that  a  man  can  do 
begins  to  fall  off.  Ventilating  engineers  in  this  country  try  to  ar- 
range ventilating  equipment  so  that  a  wet-bulb  temperature  of  72°  F. 
will  not  be  exceeded.  They  aim  to  maintain  a  relative  humidity 
varying  between  30  and  80  per  cent.  The  standard  for  dry-bulb 
temperature  is  about  68®  F. 

Cadman  and  Whalley,*  in  an  investigation  of  ventilation  in  Eng- 
lish coal  mines,  observed  that  at  a  wet-bulb  temperature  of  72®  F. 
heavy  clothing  was  removed  and  only  light  clothing  worn.  At  80®  F. 
hard  work  was  possible,  provided  the  maximum  body  surface  was 
exposed,  the  capacity  for  work  being  greatly  increased,  however,  if  a 
current  of  air  or  a  breeze  passed  over  the  body.  With  wet-bulb 
temperatures  of  from  80®  to  85®  F.  work  was  seriously  affected,  and 
hard  work  was  almost  impossible. 

VENTILATION  OF  BUILDINaS  ABOVE  QBOUND. 

In  designing  the  ventilation  systems  of  pubhc  buildings,  houses, 
and  other  places  where  people  meet,  the  effects  of  carbon  dioxide 
and  oxygen  are  subordinated  to  other  conditions,  such  as  tempera- 
ture, himndity,  and  keeping  the  air  moving.  At  sea  level,  in  the 
most  ill-ventilated  room,  the  weight  of  the  oxygen  in  a  cubic  foot  of 
the  air  never  is  as  low  as  in  the  open  air  at  high  altitudes,  and  it  is 
seldom  that  the  carbon  dioxide  content  rises  above  0.10  or  0.20  per 
cent,  although  the  air  in  such  a  room  may  be  unfit  to  breathe. 

The  ventilation  in  rooms  is  not  essentially  a  matter  of  correcting 
diminished  oxygen  or  increased  carbon  dioxide  but  of  keeping  the 
temperature,  the  relative  moisture,  and  the  movement  of  the  air  in 
a  proper  state.    However,  in  the  ventilation  of  rooms  where  people 

a  Cadxnan,  John,  and  Whalley,  E.  B.,  Report  of  an  inquiry  into  th«  ventilation  of  ooal  min«  and  the 
methods  of  eTamlning  for  fire  damp:  Royal  Conuniasion  on  Mines,  England,  1909,  p.  4. 
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congregate  the  carbon  dioxide  and  the  oxygen  tests  may  be  excel- 
lent criterions  of  the  state  of  ventilation.  Haldane  and  Osbome  ^ 
have  investigated  the  ventilation  of  a  large  number  of  workshops  and 
factories  and  have  recommended  that  the  standard  of  ventilation  be 
such  that  the  proportion  of  carbon  dioxide  does  not  exceed  0.12  p^ 
cent  during  daylight  or  0.20  per  cent  alter  dark  when  oil  or  gas  is 
used  for  lighting.  The  carbon  dioxide  percentage  is  specified  because 
its  determination  is  easy  and  its  presence  a  sign  that  there  is  no  free 
ventilation  and  that  the  air  tends  to  become  humid  and  warm. 
However,  the  vitiation  of  air  in  overcrowded  rooms  may  arise  from 
the  products  of  disease,  want  of  cleanliness  of  the  occupants,  or  the 
room  itself.  In  fact,  air  that,  judged  by  the  carbon  dioxide  standard, 
is  sufficiently  pure,  may  be  exceedingly  impure  when  judged  by  the 
number  of  microorganisms  in  it,  and  vice  versa.  The  test  of  smell, 
of  feeling  of  comfort  or  discomfort,  in  breathing  the  air  of  a  room  may 
give  results  equally  at  variance  with  the  carbonic  acid  test.  Some 
people  are  more  influenced  by  odor,  others  by  an  increased  quantity 
of  carbon  dioxide  or  moisture  or  an  increased  temperature. 

Men  who  habitually  work  in  bad  air  that  is  not  sufficiently  tainted 
to  cause  acute  symptoms  may  suffer  from  slight  ansBmia,  with  dis- 
inclination for  work,  rapid  breathing  on  exertion,  lassitude,  loss  of 
appetite,  and  other  symptoms  of  indigestion.  Return  to  work  in 
better  air,  however,  soon  puts  them  right. 

VENTILATION  CONDITIONS  IN  MINES. 

The  foregoing  discussion  of  the  factors  to  be  considered  in  ventila- 
tion studies  has  largely  to  do  with  conditions  aboveground  and  in 
pubhc  halls,  houses,  and  other  places  where  people  congr^ate. 
With  modifications  it  is  appUcable  to  conditions  in  coal  and  in  other 
mines.  In  meetii^houses  abovegrotmd  the  carbon  dioxide  in  excess 
of  the  proportion  found  in  atmospheric  air  is  principally  derived  from 
exhaled  air,  and  if  present,  even  in  proportions  as  high  as  0.20  per 
cent,  is  usually  a  sign  of  stagnant  air  and  poor  ventilation.  It  has 
been  found  that  this  proportion  of  carbon  dioxide  usually  accompanies 
very  bad  ventilation  in  that  the  air  is  stagnant  and  oppressive,  with 
perhaps  high  temperature  and  the  odor  of  perspiring  bodies. 

In  coal  mines  carbon  dioxide  arises  principally  from  the  action  of 
the  air  on  the  coal,  and  0.2  to  0.3  per  cent  is  frequently  found  in  the 
cool,  swiftly  moving  air  of  returns,  where  50,000  or  more  cubic  feet 
of  air  is  passing  per  minute  and  the  wet-bulb  or  dry-bulb  tempera^ 
ture  does  not  exceed  65®  F.  The  relative  humidity  may  be  high, 
ahnost  100  per  cent  in  many  mines,  owing  to  artificial  methods  of 
watering  to  allay  coal  dust,  but  where  the  temperatures  are  not  high 

a  Haldane,  J.  S.,  and  Osborne,  O.  O.,  Ventilation  of  fttctories  and  workshops:  Engliaih  Govt.  Blew  Book^ 
19Q2. 
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the  high  humidity  has  no  bad  effect.  Hence  a  proportion  of  carbon 
dioxide  that  would  be  easily  tolerated  in  a  coal  mine  might  be  indic- 
ative of  extremely  poor  ventilation  in  the  room  of  a  house. 

A  similar  statement  appUes  to  oxygen.  The  oxygen  content  is 
scarcely  ever  normal  in  a  coal  minC;  owing  to  the  absorption  of  oxygen 
by  the  coal;  in  fact,  a  diminution  of  1  per  cent  is  not  uncommon. 
Such  a  diminution  in  an  assembly  room  would  usually  be  accompanied 
by  intolerable  conditions  of  ventilation.  However,  the  proportion 
of  oxygen  can  not  be  diminished  too  much  even  in  mines.  It  is  the 
author's  experience  that  as  little  as  19  per  cent  of  oxygen  is  rarely 
found  in  the  moving  air  of  coal  mines.  However,  at  some  of  the 
working  faces  of  poorly  ventilated  mines  only  17  per  cent  of  oxygen 
is  found. 

In  mines  other  than  coal  mines,  carbon  dioxide  is  given  off  by 
the  burning  of  Ughts,  by  the  decay  of  mine  timbers,  and,  in  some 
mines,  by  the  rocks  penetrated.  At  poorly  ventilated  working 
places  in  some  metal  mines  the  carbon  dioxide  content  may  be  dan- 
gerously high  or  the  oxygen  content  dangerously  low,  or  both  con- 
ditions may  prevail. 

As  indicated  above,  an  oxygen  content  as  low  as  17  per  cent  is 
itself  without  harm,  for  people  Uve  at  altitudes  where  the  proportion 
of  oxygen  corresponds  to  this  percentage  at  sea  level.  The  air  of 
many  health  resorts  contains  even  less  oxygen  by  weight  than  does 
the  air  of  Denver,  but  the  air  at  those  resorts  is  fresh,  moving,  and 
invigorating,  and  usually  rather  dry.  Mine  air  that  contains  so 
small  a  percentage  of  oxygen  is  in  no  sense  comparable  to  the  air  of 
these  health  resorts.  If  the  air  in  a  part  of  a  certainnnine  contains 
only  17  per  cent  by  volume  of  oxygen  not  enough  fresh  air  is  finding 
access  there;  that  is,  the  air  is  more  or  less  stagnant,  perhaps  with 
all  the  attendant  evils  discussed  previously. 

The  difference  between  ventilation  conditions  in  buildings  above- 
ground  and  in  coal  mines  is  in  the  degree  of  vitiation  of  the  air  as 
r^ards  low  oxygen  and  high  carbon  dioxide;  aboveground  relatively 
small  oxygen  and  carbon  dioxide  changes — a  few  tenths  of  1  per 
cent — ^usually  represent  bad  air;  belowground  these  small  per- 
centages are  insig^iificant.  In  England,  the  law  requires  that  the 
oxygen  content  shall  not  fall  below  19  per  cent  or  the  carbon  dioxide 
content  rise  above  1.25  per  cent  in  any  part  of  the  mine.**  Mines 
in  this  country  can  easily  meet  these  requirements. 

The  amount  of  fresh  air  per  man  ilitroduced  into  coal  mines  far 
exceeds  that  allotted  by  architects  and  engineers  for  ventilating 
pubUc  buildings.  As  a  basis  on  which  to  calculate  the  air  necessary 
for  proper  ventilation  of  pubhc  buildings,  one  may  consider  the 

a  Coal  mines  act.  Great  Britain,  1911. 
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carbon  dioxide  produced  by  an  adult  as  0.6  cubic  foot  per  hour. 
Hence,  in  6,000  cubic  feet  of  air,  he  will  produce  per  hour  a  pollution 
amounting  to  1  part  of  carbon  dioxide  in  10,000  parts  of  air.  If  the 
excess  of  carbon  dioxide  were  to  be  kept  down  to  this  figure  it  would 
be  necessary  to  supply  6,000  cubic  feet  of  fresh  air  per  hour;  if  the 
permissible  excess  was  to  be  2  parts  in  10,000,  half  this  supply  would 
suffice,  and  so  on.  The  amotmt  of  fresh  air  allowed  by  ventilating 
engineers  in  this  country  varies  from  1,800  cubic  feet  per  hour  per 
person  for  school  buildings,  auditoriums,  theaters,  factories,  etc.,  to 
12,000  cubic  feet  per  hour  per  person  in  surgical  and  contagious 
hospitals. 

In  the  nongaseous  bituminous  mines  of  Pennsylvania  the  mini- 
mum quantity  of  air  per  man  is  150  cubic  feet  per  minute,  or  9,000 
cubic  feet  per  hour.  In  a  mine  where  explosive  gas  is  generated  in 
dangerous  quantities  the  minimum  is  12,000  cubic  feet  per  hour 
per  man.  These  quantities  exceed  the  quantity  stipulated  in  the 
ventilation  of  lai^e  pubUc  halls.  Consequently  in  the  moving  air- 
ways of  such  mines  the  air  is  fresh  and  wholesome.  The  temperature 
is  seldom  high,  and  usually  bad  ventilation  exists  only  at  some 
working  faces  where  the  air  does  not  find  ready  access. 

There  has  been  considerable  discussion  regarding  a  scheme  pro- 
posed in  England  to  lower  the  oxygen  content  of  the  air  in  mines  to 
a  point  (about  17  per  cent)  where  the  risk  from  explosion  of  mix- 
tures of  methane  and  air  is  reduced.  Most  mining  men  are  opposed 
to  such  procedure  on  physiological  groimds.  The  author's  experience 
has  indicated  that  the  oxygen  content  has  to  be  reduced  below  this 
figure  to  lessen  appreciably  the  Uability  of  gas  explosions.  (See 
pages  24—25.) 

Some  investigators  have  argued  that  disastrous  coal-dust  explo- 
sions of  recent  years  can  be  attributed  laigely  to  the  better  ventila- 
tion of  mines  at  present  as  compared  with  the  ventilation  foimd 
years  ago.  To  make  such  a  comparison  just  involves  the  considera- 
tion of  too  many  factors  to  warrant  discussion  here.  There  is  truth 
in  the  statement,  at  least  as  regards  mixtures  of  methane  and  air,  to 
the  extent  that  greater  violence  is  exerted  by  an  explosive  mixture 
if  the  latter  has  a  high  initial  velocity  of  its  own.  The  authors 
have  seen  this  demonstrated  many  times  in  an  explosion  gallery  of 
their  own  construction.*^  But  an  tmbiased  consideration  of  evidence 
accumulated  through  long  experience  must  lead  one  to  accept  the 
necessity  of  plenty  of  fresh  air.  Whether  for  a  miner  working  under- 
ground, a  man  at  a  health  resort,  or  an  assemblage  in  a  large  public 
building,  all  the  fresh  air  that  can  reasonably  be  obtained  is  needed. 

a  Details  to  bo  published  later.    The  high  initial  velocities  of  the  gallery  tests  are,  however,  probably 
almost  unknown  in  mines  where  an  explosive  mixture  of  methane  and  air  might  exist. 
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ACTION  OF  OXYGEN  ON  COAL. 

Many  inyestigations  have  been  made  into  the  mode  of  absorption 
of  oxygen  by  coal,  which  is  of  much  practical  importance,  for  this 
reaction  is  mainly  responsible  for  the  depletion  of  oxygen  and  in- 
crease of  carbon  dioxide  in  the  atmosphere  of  a  coal  mine.  The  detri- 
mental effect  is  that  in  some  parts  of  mines  atmospheres  are  produced 
so  low  in  oxygen  that  they  will  not  support  the  combustion  of  lights 
or  that  they  impair  the  health  of  the  miners.  By  sealing  off  affected 
areas,  oxygen  absorption  iSy  coal  can  be  utilized  to  extinguish  mine 
fires,  to  prevent  spontaneous  combustion,  or  to  produce  an  atmosphere 
so  low  in  oxygen  that  explosions  of  methane  and  air,  or  coal  dust  and 
air,  can  not  occur. 

The  exact  manner  in  which  coal  absorbs  oxygen  •is  not  clearly 
understood.  A  solid  substance  can  hold  gases  actually  dissolved  in 
its  interior.  With  coal,  the  absorption  of  oxygen  is  complicated  by 
the  fact  that,  in  addition  to  this  physical  action,  there  is  also  a  very 
complex  chemical  action.  Part  of  the  oxygen  is  converted  into  water, 
part  into  carbon  dioxide,  and  part  is  retained  as  combined  oxygen, 
producing  compounds  richer  in  oxygen  than  the  coal  itself.  Part  of 
the  carbon  dioxide  is  retained  by  the  coal,  for  coal  at  ordinary  tem- 
peratures has  an  enormous  capacity  for  holding  carbon  dioxide. 

Many  investigations  have  been  made  into  the  absorption  and  liber- 
ation of  gases  by  coal,  as  is  indicated  by  the  following  selected  bibli- 
ography: 

Selected  bibliography  on  absorption  and  liberation  of  gases  by  coal. 

Anderson,  W.  C.  A  contribution  to  the  chemistry  of  coal,  with  special  reference  to 
the  coals  of  the  Clyde  Basin.    Phil.  Soc.  Glasgow,  vol.  29,  1897,  pp.  7^96. 

Bbdson,  p.  p.    The  gases  inclosed  in  coal  dust.    Chem.  News,  vol.  68,  1893,  p.  187. 

BouDOUARD,  M.  O.  ^^tudes  sur  les  charbons,  produits  resultant  de  leur  oxydation. 
Bull.  Soc.  chim.  France,  ser.  4,  t.  5, 1909,  pp.  377-380. 

Chamberlain,  R.  T.  Notes  on  explosive  mine  gases  and  dusts,  with  special  refer- 
ence to  the  explosions  in  the  Monongah,  Darr,  and  Naomi  coal  mines.  Bull.  26, 
Bureau  of  Mines,  p.  32  (reprint  of  U.  S.  Geol.  Surv.  Bull.  383). 

Haroer,  John.  The  detection  of  gob  fires.  Trans.  Inst.  Min.  Eng.,  vol.  46, 1913-14, 
p.  370. 

Laicplouoh,  F.  £.  E.,  and  Hill,  A.  M.  The  slow  combustion  of  coal  and  its  thermal 
value.    Trans.  Inst.  Min.  Eng.,  vol.  45, 1913,  p.  629. 

Parr,  S.  W.,  and  Wheeler,  W.  F.  Year  book  of  Illinois  State  Geological  Survey. 
111.  State  Geol.  Survey  Bull.  8,  1907,  p.  168. 

Taffanel,  J.  De  Talteration  des  poussi^res  de  houille  expos^es  a  Tair.  Original 
Commiinications,  8th  Int.  Cong.  Appl.  Chem.,  vol.  10,  1912,  p.  277. 

Threlfall,  Richard.  The  spontaneous  heating  of  coal,  particularly  during  ship- 
ment.   Jour.  Soc.  Chem.  Ind.,  vol.  38, 1909,  p.  759. 

Trobridoe,  F.  G.  Gases  inclosed  in  coal  and  certain  coal  dusts.  Jour.  Soc.  Chem. 
Ind«,  vol.  25,  1906,  p.  1129. 
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Recent  investigations  into  the  action  of  air  on  coal  are  those  of 
Winmill  and  Graham.** 

Wininill*  determined  that  under  his  conditions  of  experiment 
there  was  little  difference  between  the  rates  of  oxidation  by  air, 
except  for  mother  of  coal  and  slate,  between  various  parts  of  a  seam 
of  coal  that  he  sampled.  Hard  coal,  soft  coal^  cannel  coal,  jacks, 
shale,  and  mother  of  coal  were  tried.  He  also  found  that  the  amount 
of  oxygen  absorbed  was  roughly  proportional  to  the  amount  of  car- 
bonaceous matter  present  in  each  sub^ance.  One  hundred  and 
fifty  grams  of  200-mesh  coal  absorbed  169  to  830  c.  c.  of  oxygen  at 
a  temperature  of  30°  C.  Winmill  states  that  there  are  two  factors 
in  the  oxidation  of  coal — ^a  rapid  first  reaction,  which  is  soon  over, 
and  a  slow  reaction,  responsible  for  the  major  part  of  the  oxygen 
absorption.  He  found,  as  have  other  investigators,  that  oxidation 
of  coal,  so  rapid  that  the  coal  heats  up,  can  take  place  in  the  absence 
of  pyrites,  only  a  small  amoimt  of  carbon  dioxide  being  produced. 
From  the  hard  coal  at  30*^  C.  less  than  20  c.  c.  of  carbon  dioxide  was 
formed  during  the  absorption  of  20  c.  c.  of  oxygen.  A  reduction  of 
the  proportion  of  oxygen  to  8.28  per  cent  (not  of  the  quantity  of  air) 
did  not  slow  up  the  reaction  very  perceptibly. 

With  100-mesh  dust  the  rate  of  absorption  was  72  per  cent  of  that 
with  200-mesh  dust.  Increasing  the  temperature  of  the  experiment 
from  40°  to  60°  C.  practically  doubled  the  rate  of  absorption.  In 
another  communication  Winmill  *  gives  the  residts  of  some  experi- 
ments on  the  rate  of  absorption  of  carbon  dioxide  by  coal.  The 
temperature  of  the  experiment  was  30°  C.  The  proportion  of  carbon 
dioxide  absorbed  by  100  grams  of  coal  varied  from  0.97  c,  c,  with 
0.10  per  cent  of  carbon  dioxide  in  the  atmosphere,  up  to  472  c.  c, 
with  an  atmosphere  containing  100  per  cent  of  carbon  dioxide. 

INFLXTENCOS  OF  HOISTUBE  ON  BATE  OF  ABSOBFTION  OF 

OXYGEN  BY  COAL. 

Fayol**  maintains  that  there  is  little  evidence  in  support  of  the 
view  that  moistxire  accelerates  the  firing  of  coal  heaps. 

Richters*  concludes  that  more  oxygen  is  absorbed  by  dry  than 
by  moist  coal. 

Mahler  ^  found  that  coal  in  the  presence  of  oxygen  under  pressure 
absorbed  a  considerably  larger  quantity  when  moist  than  when  dry. 

a  Oraham,  J.  I.,  The  absorption  of  oxygen  by  coal:  Trans.  Inst.  Mln.  Eng.,  vol.  fiO,  Feb.,  1915,  p.  35. 

b  Winmill,  T.  F.,  The  absorption  of  oxygen  by  coal:  Trans.  Inst.  Mln.  Eng.,  ycIL.  46,  1913-14,  pp. 
563.568. 

c  WinmlU,  T.  F.,  Op.  cit.,  vol.  48,  Feb.,  1915,  p.  614. 

dTlireUiall,  Richard,  The  spontaneous  heating  of  coal,  particularly  during  shipment:  Jour.  Soc  Chem. 
Ind.,  1909,  vol.  28,  p.  763. 

<  Threlfall,  Richard,  Op.  cit.,  p.  759. 

/Mahler,  M.  P.,  Experiment  on  the  oxidation  of  ooal:  CoU.  Guard.,  1913,  vol.  106,  p.  891. 
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Graham*  determined  that  (1)  at  temperatures  below  SO*'  C.  coal 
dust  when  moist  absorbs  oxygen  at  a  rate  approximately  half  as 
great  again  as  when  dry;  (2)  that  coal  dust  heated  for  some  hours 
at  a  temperature  of  100®  C.  in  a  vacuum  during  subsequent  oxida- 
tion absorbs  oxygen  at  the  same  rate  as  when  not  previously  heated; 
(3)  that  the  absorption  of  oxygen  by  coal  is  independent  of  bacte- 
rial activity. 

Porter  and  Ovitz^  found  that  10  kilograms  of  coal  (22  pounds)  in 
a  bottle  absorbed  during  the  first  day  after  mining  nearly  half  the 
oxygen  from  10  liters  of  air  and  gave  off  little  more  than  one-tenth  as 
much  carbon  dioxide  as  would  have  been  formed  if  all  the  oxygen  had 
combined  with  carbon  to  produce  carbon  dioxide.  Four  coals  that 
Porter  and  Ovitz  tested  in  bottles  absorbed  in  7,  9, 10,  and  17  months 
4.362,  2.853,  4.115,  and  6.935  volumes  of  oxygen,  as  compared  with 
the  volimies  of  the  coals.  From  time  to  time  the  gas  that  accimiu- 
lated  in  each  bottle  was  drawn  off  in  order  to  relieve  the  pressxire 
and  permit  the  inflow  of  oxygen. 

Porter  and  Balston  ^  found  that  with  the  same  coal  the  rate  of 
oxidation  increased  from  0.21  c.  o.  of  oxygen  absorbed  per  gram  of 
dry  coal  at  40''  C.  to  27.68  o.  o.  absorbed  at  200"^  C,  the  duration  of 
each  test  being  60  minutes.  They  foimd  that  the  oxygen  content 
of  the  air  must  be  reduced  below  15  per  cent,  or  to  a  pressure  of  about 
100  mm.  when  pure  oxygen  is  used,  before  the  effect  on  the  rate  of 
oxidation  becomes  serious,  and  that  the  presence  of  as  much  as  10 
per  cent  of  carbon  dioxide  in  the  atmosphere  has  no  retarding  in- 
fluence on  the  rate  of  oxidation  at  200®  C. 

Winmill,  it  will  be  remembered,  found  that  if  the  percentage  of 
oxygen  in  air  be  reduced  to  8.20  the  reaction  did  not  slow  per- 
ceptibly, but  his  results  are  not  in  harmony  with  those  of  Porter  and 
Ralston.  It  is  certain,  of  course,  that  the  rate  of  oxidation  must 
eventually  fall  decidedly  when  the  oxygen  content  of  the  air  be- 
comes low,  and  must  be  zero  when  the  oxygen  content  of  the  atmos- 
phere is  zero. 

ABSOBPTION  OF  OXYGEN  AJn>  PBODTJCTION  OF  OABBON 
DIOXIDE  FBOH  ATMOSPHERIC  AIB  BY  WOOD. 

Many  metal  mines  are  heavily  timbered  and  in  some  mines,  especi- 
ally in  dead  ends  where  the  air  is  stagnant,  the  wood  is  moist,  and 
much  timber  is  present,  the  carbon  dioxide  content  of  the  air  is 
increased  and  the  oxygen  content  is  decreased. 

a  Oraimm,  J.  I.,  The  absorption  of  oxygen  by  coal:  Trans.  Inst.  Hin.  EnglyVol.  59,  Feb.,  1915,  p.  35. 

h  Porter,  H.  C,  and  Ovits,  F.  K.,  The  escape  of  gas  f^om  coal:  Tech.  PajMr  2,  Bureau  of  Mines,  1911, 
pp.*-7. 

e  Porter,  H.  C,  and  Ralston,  O.  C,  A  study  of  the  oxidation  of  coal:  Tech.  Paper  66,  Bureau  of  Mines, 
19l4»p.l3. 
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Some  results  by  the  authors  on  the  action  of  air  on  wood  are  given 
in  Table  3  following.  Dried  and  seasoned  pieces  of  wood  plank  ^v^ere 
sawed  or  shaved  to  produce  sawdust  or  shavings.  The  material  'was 
placed  in  bottles  having  a  capacity  of  2.5  liters  and  the  bottles  were 
securely  closed.  Through  each  bottle  stopper  was  placed  a  glass 
tube  provided  with  a  stopcock  to  permit  drawing  out  samples  of  air 
for  analysis. 

Results  of  experiments  to  determine  effect  of  wood  in  changing  composition  of  atmos- 

pherie  air. 


Kind  of  wood. 


Weight. 


Oramt. 

Ash  sawdust 

5 

Cypress  shavings 

78 

Hemlock  sawdust 

135.5 

Oak  sawdust 

136 

First 

Second 

Third 

Fourth 

Fifth 

analysis 

analysis 

analysis 

analysis 

analysis 

Constit- 
uent. 

of  re- 

of n>- 

of  re- 

of re- 

of re- 

sidual 

sidual 

sidual 

sidual 

sidual 

air, 

air, 

air, 

air, 

air. 

June  27, 

July  15, 

July  31, 

Aug.  21, 

Sept.  16, 

1913. 

1913. 

1913.a 
Percent. 

1913. 

1913. 

Percent. 

Per  cent. 

Percent. 

PereenL 

Percent. 

/CO, 

O, 

0.0 

0.15 

3.38 

11.6 

18.9 

ao.8 

20.8 

17.60 

8.6 

1.7 

fCO, 

.0 

.15 

1.98 

4.0 

6.0 

,0, 

20.9 

20.80^ 

18.75 

16.7 

14.4 

/CO, 

.20 

.20 

7.87 

16.6 

18.0 

\o, 

20.8 

20.80 

12.00 

2.0 

.7 

/CO, 

.2 

.2 

8.27 

17.0 

19.2 

\o, 

20.7 

20.8 

15.05 

3.1 

1.2 

Sixth 
analysis 

of  re- 
sidual 

air, 
Dec.  12, 

1915. 


Percent, 
20.6 

.0 
10.0 
10.1 
17.7 

.3 
20.2 

.4 


a  Water  was  added  to  each  bottle  15  days  af  tor  the  tests  were  started  and  Just  prior  to  these  analyses. 

DISCUSSION  OP   RESULTS. 

The  experiments  were  started  on  Jime  6,  1913,  and  the  first  anal- 
yses of  the  residual  air  were  made  on  June  27, 1913.  No  appreciable 
change  in  the  oxygen  or  carbon  dioxide  content  of  the  residual  air 
over  the  composition  of  ordinary  atmospheric  air  was  noticed.  The 
same  statement  held  true  of  results  obtained  on  July  15,  1913,  or  39 
days  after  the  experiments  were  started.  Water  was  then  added  to 
each  bottle  in  sufficient  quantity  to  perceptibly  moisten  the  sawdust 
and  shavings,  and  analyses  were  again  made.  After  16  days  from 
the  time  the  wood  had  been  moistened,  analyses  were  made  of  the 
residual  air,  and  a  marked  increase  in  carbon  dioxide  and  a  marked 
decrease  in  oxygen  were  found.  These  changes  continued  in  the 
sawdust  samples  until  the  oxygen  had  practically  aU  disappeared. 
The  rate  of  absorption  of  the  oxygen  by  the  fine  cypress  shavings  was 
slower,  probably  owing  to  the  fact  that  the  cypress  wood  was  not  in 
as  fine  a  state  of  division  as  the  other  woods  tried. 

An  interesting  feature  of  the  results  was  that  the  carbon  dioxide 
was  only  slightly  less  than  the  molecular  equivalent  of  the  oxygen 
consumed.  This  result  differs  from  that  obtained  when  oxygen  is 
absorbed  by  coal  at  ordinary  temperatures.  The  amount  of  carbon 
dioxide  produced  by  coal  is  invariably  less  than  the  molecular  equiv- 
alent of  the  consumed  oxygen.    In  fact,  the  oxygen  may  entirely  or 
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almost  entirely  disappear,  and  there  may  be  present  in  the  residual 
air  only  2  or  3  per  cent  of  carbon  dioxide.  Bacterial  action  appar- 
ently does  not  enter  into  the  phenomenon,  whereas  as  regards  the 
reaction  between  wood  and  oxygen,  bacterial  action  is  probably  almost 
wholly  responsible. 

EFFECT  OF  LOWEBINa  OXYGEN  AND  BAISING  CABBON  DIOXIDE 
CONTENT  ON  EXPLOBIBILrnr  OF  MBTHANE-AIB  MIXTT7BEB. 

In  coal  mines,  especially  if  the  air  is  not  in  rapid  circulation,  the 
composition  of  the  atmosphere  may  change  quickly.  The  principal 
changes  that  affect  the  explosibility  of  mine  atmospheres  are  those 
caused  by  the  absorption  of  oxygen  by  the  coal  and  the  oxidation  of 
coal  to  carbon  dioxide.  Both  of  these  changes  if  carried  far  enough 
can  result  in  so  lowering  the  oxygen  content  or  raising  the  carbon 
dioxide  content  that  an  explosion  can  not  take  place  even  if  an  ex- 
plosive proportion  of  methane  is  present.  Therefore,  knowledge  of 
the  propagation  of  flame  in  limit  mixtures  of  methane,  carbon  di- 
oxide, oxygen,  and  nitrogen  is  important. 

Haldane  ^  was  the  first  to  publish  results  of  experiments  bearing 
on  this  point.  The  composition  of  those  mixtures  containing  the 
smallest  percentages  of  oxygen  that  he  found  would  completely  in- 
flame follows.  Haldane  presented  his  results  in  terms  of  black  damp, 
fire  damp,  and  air.  In  the  following  table  his  results  have  been 
recalculated  to  show  the  percentages  of  carbon  dioxide,  oxygen,  me- 
thane, and  nitrogen: 

Inflammable  mixtures  containing  mall  percentages  of  oxygen. 


Mixture  No.— 

CO,. 

0,. 

CH4. 

N,. 

1 

P.ct. 
4.21 
3.58 
3.41 

P.  el. 
11.90 
13.23 
13.63 

P.ct. 

7.46 
6.85 
6.46 

P.ct. 
76.43 
76.34 
76.50 

2 

3 

Haldane's  experiments  were  made  with  gas  obtained  from  a  coal 
mine,  which  was  passed  into  a  cylinder,  the  size  of  a  lamp  chimney, 
from  above.  Ignition  was  effected  by  a  small  flame  from  below. 
Others  who  have  worked  on  this  phase  of  the  subject  have  been 
Harger,*  Leprince-Ringuet,*  and  Burgess  and  Wheeler,*'  but  the 

•  Haldane,  J.  B.,  Investigations  on  the  compOBltion,  occurrence,  and  properties  of  black  damp:  Trans, 
Inst.  MIn.  Eng.,  vol.  8, 1894-05,  pp.  54»-567. 

»  Harger,  Jolin,  The  prevention  of  erplosions  in  mines:  Trans.  Inst.  Min.  £ng.,  vol.  43, 1912,  pp.  132, 
136. 

e  Leprince-Rlngnet,  F.,  The  inflammability  of  fire  damp  and  other  gases:  Coll.  Guard.,  vol.  108,  Aug. 
14, 1914,  p.  876. 

d  Burgess,  M.  J.,  and  Wheeler,  R.  V.,  The  propagation  of  flame  in  limit  mixtures  of  methane,  oxygen, 
and  nitrogen:  Joor.  Chem.  Soc.,  vols.  105  and  106,  November,  1914,  pp.  2596-2605. 
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most  exhaustive  experiments  having  to  do  with  the  explosibility  of 
methane-air  mixtures,  in  which  part  of  the  oxygen  of  the  air  was  re- 
placed by  nitrogen  or  carbon  dioxide  or  both,  have  been  performed 
by  Clement. <» 

In  Clement's  first  experiments  the  gases  at  atmospheric  pressure 
were  contained  in  a  Hempel  explosion  pipette  over  mercury.  The 
source  of  ignition,  a  spark  from  an  induction  coil,  was  applied  near  the 
top  of  the  pipette. 

Clement  found  that  the  limits  of  inflammability  were  narrowed  as 
the  oxygen  was  diminished  until  with  14  per  cent  of  oxygen  the  low 
limit  was  6.5  per  cent  of  methane  and  the  high  limit  6.9  per  cent. 
The  inert  gas  present  was  nitrogen.  When  the  oxygen  was  kept  con- 
stant at  20  per  cent  and  part  of  the  nitrogen  replaced  by  10  per  cent 
of  carbon  dioxide  the  low  limit  was  raised  from  5.8  per  cent  of  methane 
to  6.2  per  cent.  When  the  oxygen  was  again  constant  at  20  per  cent 
it  required  the  replacement  of  part  of  the  nitrogen  by  62  per  cent  of 
carbon  dioxide  to  raise  the  low  limit  to  8.8  per  cent  of  methane. 
Gement  found  that  even  when  the  oxygen  was  reduced  to  17  per  cent 
there  was  no  change  in  the  inflammabiUty  of  methane-air  mixtures 
from  the  5.8  per  cent  limit  observed  with  20  per  cent  of  oxygen. 

Another  set  of  results  was  obtained  by  Clement  with  a  steel  tube 
closed  at  both  ends  to  hold  the  mixtures.  This  tube  was  provided 
with  stopcocks,  an  electric-arc  igniter,  a  mixing  device,  a  window  for 
observing  the  flame,  and  an  opening  covered  with  a  paraffin-paper 
diaphragm  through  which  the  pressure  was  released.  The  igniter 
was  designed  so  that  an  arc  could  be  maintained  momentarily  or  for 
any  desired  time.  The  arc  was  connected  to  a  220-volt,  direct- 
current  circuit;  with  suitable  resistances  in  series  to  give  a  current  of 
1.5  amperes,  and  was  placed  at  the  center  of  the  vessel. 

With  this  device  the  low  limit  of  methane  with  19  per  cent  of 
oxygen  was  5.5  per  cent,  or  0.3  per  cent  lower  than  that  found  by  the 
first  method.  With  17  per  cent  of  oxygen  the  low  limit  was  raised 
to  6.7  per  cent,  but  even  with  13  per  cent  of  oxygen  the  mixture  was 
explosive  with  a  content  of  6.6  per  cent  as  the  low  limit  and  6.8  per 
cent  as  the  high  limit.  This  second  series  of  experiments  again 
brought  out  the  fact  that  a  large  proportion  of  carbon  dioxide  was 
necessary  to  appreciably  affect  the  limits. 

Gement  concluded  that  the  action  of  carbon  dioxide  in  reducing 
the  explosibiUty  of  methane-air  mixtures  can  be  accounted  for  by  the 
high  specific  heat  of  this  gas.  He  found  that  carbon  dioxide  was 
more  effective  than  nitrogen  in  reducing  explosibility. 

The  reader  should  note  that  atmospheres  without  enough  oxygen 
(about  17  per  cent)  to  support  an  oil-fed  flame  may  be  explosive  if 

a  Clement,  J.  K.,  The  tnflomcfl  of  inert  gases  on  inflammable  gaseous  mixtures:  Tech.  Paper  43,  Bureau 
of  Mines,  1913,  M  pp. 
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they  contain  enough  methane.  For  instance,  a  miner  may  travel 
heyond  a  place  where  his  flame  goes  out  to  a  place  where  the  methane 
is  present  in  explosive  proportion,  and  attempt  to  relight  his  lamp 
there.  Its  flicker  just  before  it  became  extinguished  would  have 
ignited  the  mixture,  were  it  explosive.  Electric  sparks  in  such  an 
atmosphere  would  be  another  source  of  danger. 

The  limits  of  inflammabiUty  as  determined  by  two  of  the  authors 
for  mixtures  of  methane  and  air  in  which  the  methane  was  simply 
added  to  the  air  were  5.5  per  cent  for  the  low  limit  and  14  per  cent 
for  the  high  limit.** 

In  metal  mines,  gases  that  make  explosive  mixtures  with  air  are 
seldom  foimd  except  as  the  result  of  a  mine  fire,  but  dangerous 
quantities  of  methane  have  been  f  oimd  in  some  metal-mining  opera- 
tions, as  in  a  tunnel  investigated  by  engineers  of  the  Bureau  of  Mines.^ 

OOH8X7MPTION   OF   OXTGBN   AJn>    PRODUCTION   OF    CABBON 

DIOZIDB  BY  MEN  AND  BY  LIGHTS. 

A  small  proportion  of  the  total  carbon  dioxide  in  the  air  of  coal 
mines  is  that  exhaled  by  men  and  given  off  by  lights,  and  the  dimi- 
nution of  oxygen  is  partly  due  to  consumption  of  oxygen  by  these 
agencies.  In  a  sample  of  air  from  an  air  current  of  a  spUt  where 
37  men  were  working,  the  authors  found  by  analysis  0.32  per  cent 
CO,,  20.47  per  cent  0„  0.13  per  cent  CH^,  and  79.08  per  cent  N,. 
The  quantity  of  air  passing  where  the  sample  was  collected  was 
15,000  cubic  feet  per  minute.  If  one  assumes  that  each  man  con- 
siuned  one-seventh  of  a  cubic  foot  of  oxygen  per  minute  and  pro- 
duced one-seventh  of  a  cubic  foot  of  carbon  dioxide^  during  the 
same  time,  and  that  each  light  consumed  about  0.03  cubic  foot 
of  oxygen  per  minute  and  produced  the  same  quantity  of  carbon 
dioxide,  there  would  have  been  consumed  by  the  men  and  lights 
about  6.5  cubic  feet  of  oxygen  and  they  would  have  produced 
about  6.5  cubic  feet  of  carbon  dioxide.  These  figures  represent 
only  0.04  per  cent  of  the  total  oxygen  consumed  and  of  the  total 
carbon  dioxide  produced  and  are  practically  negligible  compared 
to  the  oxygen  consumed  and  the  carbon  dioxide  given  off  by  the 
action  of  the  oxygen  of  the  air  on  the  coal.  Of  course,  if  in  this 
part  of  the  mine,  more  men  had  been  working,  or  if  the  quantity  of 
air  passing  had  been  less,  appreciable  vitiation  of  air  would  have 
resulted  from  the  breathing  of  the  men  or  the  burning  of  the  lights. 

•  Bnmll,  O.  A.,  and  Oberfell,  O.  O.,  The  limits  of  inflammability  of  mlxtmis  of  methane  and  air:  Tech. 
Taiptr  119,  Bureau  of  Mines,  1915,  pp.  25-26. 

*  Bnmton,  I>.  W.,  and  Davis,  J.  A.,  BaSeij  and  efficiency  in  mine  tnnnriing:  Bull.  67,  Bureau  of  Mines, 
1914,  pp.  29-30. 

'  Actually  the  oxygen  absorbed  exceeds  in  smaD  amount  the  carbon  dioxide  discharged;  the  respiratory 

COi 
qooCtety  -Q-*  being  equal  to  about  0.90. 
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In  most  metal  mines,  lights  and  the  breathmg  of  men  and  of  ani- 
mals are  more  important  in  removing  oxygen  from  and  adding  car- 
bon dioxide  to  the  mine  air,  because  less  oxygen  is  removed  and  less 
carbon  dioxide  is  added  in  other  ways. 

FOXTLINa  OF  MINE  AIB  BY  DECAY  OF  TIMBEB. 

In  all  mines  in  which  timber  is  used,  some  oxygen  is  taken  from 
the  air  and  some  carbon  dioxide  is  added  to  it  by  the  decay  of  the 
timber.  This  source  of  black  damp  is  much  more  important  in  many 
metal  mines  than  in  most  coal  mines  because  of  the  much  larger 
quantity  of  timber  used,  especially  in  heavy  groimd.  Timber  decays 
through  the  action  of  various  low  forms  of  plant  life,  chiefly  fungi^ 
some  of  which  take  oxygen  from  the  mine  air,  and  practically  all 
of  which  give  off  carbon  dioxide. 

SPECIFIC  GBAVITY  AND  COMPOSITION  OF  BLACK  DAMP. 

The  specific  gravity  of  black  damp  varies  considerably.  When 
methane  is  present  the  combined  gases  may  be  lighter  than  air. 
Great  caution  should  be  exercised  when  any  accumulation  of  black 
damp  lighter  than  air  is  found,  especially  in  mines  worked  with 
naked  lights,  as  the  lesser  density  is  probably  due  to  the  presence  of 
methane. 

A  sample  of  the  following  composition  was  collected  by  the  authors 
from  a  cavity  in  a  room  of  a  coal  mine: 

Results  of  analysis  of  sample  of  mine  air  of  miuh  less  density  than  atmospheric  air. 

CO3 0.35 

Oa ^ 15.82 

CH, ' 19.32 

Na 64.51 

100.00 

Owing  to  the  large  amount  of  methane  present,  the  specific  grav- 
ity (air  =  l)  of  this  sample  was  only  0.91. 

The  analysis  of  another  sample  showed  an  accumulation  of  methane 
and  a  deficiency  of  oxygen  in  an  inclosed  section  of  an  anthracite 
mine  that  had  been  sealed  for  six  days  because  of  a  fire  in  an 
adjoining  section.  The  fire  did  not  affect  the  particular  area  from 
which  the  sample  was  obtained  because  of  a  heavy  intervening 
roof  fall;  consequently  the  sample  represented  the  gases  trapped  in 
a  stagnant  section  unaffected  by  fire.     The  results  of  analysis  follow: 

Results  of  arutlyses  of  samples  of  gas  in  an  inclosed  area  of  an  anthracite  mine. 

COa 2.6 

^2 3.0 

^^4 53.0 

N2 41.4 

100. 0 
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The  specific  gravity  of  this  mixture  (air  =  l)  was  only  0.77,  owing 
to  the  large  proportion  of  methane. 

Mixtures  containing  a  large  amoimt  of  carbon  dioxide  are  often 
foxmd  on  the  floor  and  in  low-lying  workings.  It  happens  occasion- 
ally that  the  gas  is  in  a  heavy  stratum  with  lighter  air  above,  and 
these  strata  are  at  times  so  sharply  defined  that  a  lighted  candle 
is  extinguished  at  once  by  lowering  it  only  1  inch  below  a  certain 
level. 

Equally  distinct  stratification  of  gases  may  be  encountered  in 
metal  mines.  A  mixture  containing  more  carbon  dioxide,  and 
being  consequently  heavier  than  normal  air  may  he  near  the  floor, 
or  a  mixture  containing  less  oxygen  and  more  nitrogen,  and  being 
consequently  lighter  than  normal  kir  may  accumulate  near  the  roof 
or  in  a  raise.  Either  the  heavier  or  the  lighter  mixture,  dangerous 
to  the  miner,  may  be  so  well  stratified  that  a  few  inches  will  make 
the  difference  between  breathable  air  and  suffocating  gases. 

Before  starting  some  work  near  the  floor^  a  miner  may  hang  lus 
lamp  well  up  in  the  roof,  where  by  burning  it  indicates  that  the  air 
near  it  is  breathable;  while  the  air  near  the  floor  may  be  so  bad  that 
it  would  extinguish  the  lamp  immediately.  However,  except  in  air 
directly  over  a  fire  area  or  close  to  a  fire,  a  large  amount  of  carbon 
dioxide  (over  5  per  cent)  is  imusual  in  a  coal  mine.  The  small  pro- 
portion of  carbon  dioxide  normally  in  mine  air  is  indicated  by  the 
many  analyses  of  samples  presented  in  this  report.  Exceptions  are 
samples  5866,  5867,  5785,  and  5786  (see  p.  40),  in  which  the  carbon 
dioxide  percentages  were  14.42,  14.36,  19.60,  and  19.33,  and  the 
specific  gravities  1.051,  1.051,  1.071,  and  1.069.  The  samples  were 
collected  from  sealed  mines  in  which  there  were  or  had  been  fires. 

The  authors'  experience  as  a  result  of  analyzing  gas  samples  col- 
lected from  many  mines  has  indicated  that  if  the  carbon  dioxide 
results  from  the  action  of  the  oxygen  of  the  air  on  the  coal  (iucluding 
perhaps  a  small  amount  released  from  the  pores  of  the  coal),  it  is  not 
produced  in  proportions  exceeding  more  than  3  to  5  per  cent  even 
after  the  air  has  long  been  in  contact  with  the  coal. 

The  following  results  of  analyses  show  how  small  the  carbon 
dioxide  content  may  be  in  the  air  of  a  mine  that  has  been  sealed  for 
nine  months. 

Restdts  of  analyses  of  gas  smnplesfrom  a  mine  area  that  had  been  sealed  for  nine  months. 


Sample  No. 

COa. 

• 

o,. 

CH4. 

N,. 

Total. 

Specific 
gravity. 

1 

Per  cent. 
1.50 
1.20 

PereeTU. 

0.30 

.30 

Percent. 
5.29 
6.37 

Per  cent. 
92.91 
93.13 

Per  cent. 
100.00 
100.00 

0.95 

2 

.94 
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The  collectors  of  the  samples  wore  breathing  apparatus.  The 
oxygen  had  almost  entirely  disappeared^  but  only  1.20  and  1.50  per 
cent  of  carbon  dioxide  were  present. 

BFFBCT  ON  LiaHTS  OF  AIB   LOW  IN  OXTOBN  AND  HIOH  IH 

CABBON  DIOXIDE. 

All  mine  air  is  somewhat  deficient  in  oxygen  as  compared  with 
outside  air.  This  deficiency  may  amount  to  0.1  to  2  per  cent  or 
more.  As  the  oxygen  in  air  decreases,  the  illuminating  power  of 
lights  grows  less;  the  flame  of  an  ordinary  oil-fed  lamp  wick  becomes 
extinguished  in  air  containing  about  17  per  cent  of  oxygen. 

Haldane  ^  determined  the  effect  on  the  light  of  a  safety  lamp 
when  burned  in  atmospheres  deficient  in  oxygen.  The  following 
tabulation  prepared  by  him  is  of  exceptional  interest. 

RouUm  of  tegU  to  determine  diminution  of  Hsfht  with  diminution  of  oxffffen  in 

gunvunding  air. 


Ught 
given. 

Proportion 
of  oxygen 

in  sur- 
rounding 
air. 

Degree  of 

ligbTdinil- 

nntion. 

Degree  of 
oxygen 
diminu- 
tion. 

Percent. 
100 
90 
77 
66 
41 
27 
11 
0 

Percent. 
20.03 
20.66 
20.34 
19.88 
19.34 
18.92 
18.28 
18.01 

Percent. 
0 
10 
23 
34 
60 
78 
89 
100 

Percent. 
0.00 
0.27 
0.50 
1.05 
1.89 
2.01 
2.65 
2.92 

Haldane  observed,  in  general,  that  every  diminution  of  0.1  per 
cent  in  the  oxygen  content  of  the  surrounding  air  caused  a  diminu- 
tion of  3.5  per  cent  of  the  value  of  the  light  in  pure  air. 

The  results  of  some  experiments  by  the  authors  with  atmospheres 
that  would  extinguish  a  flame  are  shown  below.  Lighted  candles  and 
acetylene  and  Wolf  lamps  were  placed  in  a  chamber  with  air,  and 
when  the  oxygen  content  had  become  so  low  that  the  flames  were 
extinguished  the  residual  air  was  analyzed. 

Results  of  experiments  with  atmospheres  that  would  extinguish  fwne. 


Source  of  flame 
extinguished. 

Analysis  of  residual  air. 

CO,. 

0,.   ' 

N«. 

Candle 

Percent. 
2.96 
6.30 
3.00 

Percent. 
16.24 
11.70 
16.30 

Percent. 
80.81 
82.00 
80.70 

Acetylene  lamp.. 
Wolf  lamp ....... 

Od;^lOT2'  ^'  ^^^*  ""^"^  "*'  deficiency  of  oxygen  on  the  light  of  a  safety  lamp:  ColL  GnaM..  vbL  108, 
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The  carbon  dioxide  present,  which  was  due  to  combustion,  had  no 
appreciable  effect  in  extinguishing  the  flame,  as  was  shown  by  cer- 
tain experiments  performed  by  the  authors.  In  the  experiments 
varying  proportions  of  carbon  dioxide  were  added  to  the  atmosphere 
before  the  flame  was  introduced.  The  results  of  analyses  made  in 
connection  with  the  experiments  follow: 

ReatdU  ofexperimenu  to  determine  effect  of  carbon  dioxide  in  extinguiehing  thejlanu  of 

a  candle. 


Ezperlmioit 

Mo. 

Composition  of  at- 
mosphere  at 
begixmiDg  of  ex- 
periment. 

Composition  of  at- 
mosphere at  end 
of  experiment. 

COt. 

o«. 

COt 

o«. 

1 

0.04 

3.22 

13.52 

21.00 
21.13 
20.67 

2.05 

6.51 

16.00 

10.34 
16.68 
17.30 

2 

3 

The  results  show  that  the  initial  presence  of  a  large  amount  of 
carbon  dioxide  had  little  effect  in  extinguislung  flame.  In  all  of  the 
laboratory  experiments  the  flame  probably  lasted  a  trifle  longer  than 
it  would  have  in  actual  mining  practice,  because  in  mines  a  slight 
gust  of  air  or  a  qidck  movement  of  a  lamp  would  easily  put  out  a 
diminishing  flame. 

For  the  experiments  a  certain  atmosphere  was  prepared  in  a  10- 
liter  bell  jar,  and  the  flame  was  allowed  to  bum  in  it  until  the  oxygen 
had  been  consumed  to  a  point  where  the  flame  would  no  longer  bum. 
Incidentally  there  was  formed  by  the  combustion  a  certain  amount 
of  carbon  dioxide,  but  the  amounts  formed  had  no  appreciable  effect 
in  extinguishing  the  flame. 

Other  experiments  to  determine  the  amount  of  carbon  dioxide 
required  to  appreciably  affect  flame  extinguishment  were  made,  as 
follows: 

Various  mixtures  of  air  and  carbon  dioxide  were  prepared  in  a 
large  100-liter  gas  holder,  and  these  mixtures  were  slowly  passed  into 
and  out  of  a  smaljL  bell  jar  in  which  was  burning  a  Wolf  miner's 
safety  lamp.  The  different  atmospheres  were  kept  as  near  constant 
at  17,  18,  19,  20,  and  21  per  cent  of  oxygen  as  possible,  and  to  each 
of  the  mixtures  carbon  dioxide  was  added  (replacing  some  nitrogen) 
until  enough  carbon  dioxide  was  present  to  extinguish  the  flame  at 
the  particular  oxygen  percentage  used. 

The  experiments  show  simply  the  effect  on  flame  extinguishment 
of  replacing  an  eqiuvalent  amount  of  nitrogen  with  carbon  dioxide. 
Carbon  dioxide  should  have  a  greater  extinguishing  power  than  nitro- 
gen, because  of  its  greater  molecular  specific  heat  and  its  greater 
conductivity  of  heat.  The  percentages  of  carbon  dioxide  and  of 
oxygen  in  the  different  mixttures  that  extinguished  flame  are  shown 
in  the  following  tabulation. 
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Percentages  of  carbon  dioxide  and  of  oxygen  in  different  mixtures  of  the  two  that  extin- 

guxshed  flame. 

COs.                                                                     Oj. 

0 ia3 

5 16.9 

10 17.3 

15 ". 17.8 

20 18.3 

CO,.                                                     c. 

25 18.7 

30 19.2 

35 19.6 

40 2a3 

43 2L0 

It  will  be  observed  that  a  largo  percentage  of  carbon  dioxide 
(replacing  the  nitrogen)  was  required  to  extinguish  the  flame,  5  per 
cent  of  carbon  dioxide  raising  the  oxygen  content  of  the  extinguish- 
ing mixture  from  16.3  to  16.9  per  cent.  This  proportion  of  carbon 
dioxide  in  mine  air  when  the  oxygen  has  fallen  to  16  or  17  per  cent 
is  unusual.  It  can  be  said  for  all  practical  puiposes  that  the  carbon 
dioxide  in  mine  air  has  no  effect  in  extinguishing  the  lamp  flames. 

Jorrisen  °^  has  made  experiments  and  compiled  data  from  various 
sources  on  flame  extinguishment,  as  shown  below: 

Results  of  Jorrisen* s  experiments  toith  flame-extinguishing  atmospheres. 


Kind  of  flame. 

Proportions  in  nat- 
ural extinguish- 
ing atmosphere. 

Proportions  in  artificial  extin- 
guishing atmosphere. 

o. 

Ni 

COt 
added. 

o« 

N, 

Candle 

Percent. 
16.4 
0.3 
15.1 
17.4 
13.2 
16.2 
16.0 
17.2 
11.3 
10.0 

Percent. 
83.6 
98.7 
84.9 
82.6 
86.8 
83.8 
83.4 
82.8 
88.7 
84.0 

Percent. 
14 
58 
24 
10 
26 
15 
14 
13 
33 

Percent. 
18.1 
8.8 
10.0 
18.9 
15.5 
17.9 
18.1 
1&3 
14.1 

Per  cent. 
81.9 

Hydrogen ... . r      , 

91.2 

Carbon  monoxide 

84.0 

Methane 

81.1 

Ethylene 

84.5 

Petroleum 

82.1 

Ethyl  alcohol 

81.9 

Methylated  spirits 

81.7 

Coal  sas 

85.9 

Flax 

The  residts  of  experiments  of  other  investigators,  as  compiled  by 
Jorrisen,  follow: 

Results  of  experiments  of  various  investigators  on  fUnne-extinguishing  atmospheres. 


Nature  of  flame. 


Candle 

1)0 

Soft  candle 

Kerosene 

Do 

Petrols  pirit 

Gasoline 

Alcohol 

Methylated  spirit. 

Coal  gas 

Natural  gas 

Hydrogen 

Do 

Carbon  monoxide. 

Methane 

Acetylene 


Investiga- 
tor. 


Clowes. 
Burrell. 
Harger. 
Clowes. 
Harger. 
...do.... 
...do.... 
Clowes. 
...do... 
...do... 
BurreU. 
Clowes. 
Harger. 
Clowes. 
...do... 
BurreU. 


Residual  atmosphere. 


o« 


Percent. 
15.70 
10.24 
10.90 
10.60 
10.90 
10.90 
15.50 
14.90 
15.00 
11.35 
18.90 
5.50 
7.50 
13.35 
15.00 
11.70 


N, 


Percent. 
81.10 
80.81 


80.40 


80.75 
80.25 
83.75 
82.85 
94.50 


74.40 
82.10 
82.00 


CO, 


Percent. 
S.20 
2.95 


3.00 


4.35 
4.15 
4.90 
3.25 


12.25 
2.30 
0.30 


a  Jorrisen,  W.  P.    The  extinction  of  flames:  Jour.  Oas  Lighting  and  Water  Supply,  vol.  130,  Apr.  6, 
1915,  p.  27. 
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The  agreement  of  most  of  the  restilts  is  fairly  satisfactory.  The 
experiments  are  easy  to  perform,  the  principal  som-ce  of  error  being 
insufficient  mixing  of  the  atmosphere,  with  its  changing  CO,  and  O, 
content,  in  which  the  flame  is  burning,  and  consequent  nonrepre- 
sentative  sampling. 

Jorrisen  calls  attention  to  the  fact  that  there  is  close  similarity 
between  the  extinguishment  of  a  flame,  such  as  a  burning  candle  or  gas 
jet,  in  air  as  the  oxygen  decreases  and  the  lessening  explosibility 
of  gas  DMxtures  as  the  oxygen  diminishes.  If  the  composition  of  the 
air  surrounding  a  burning  gas  jet  is  near  the  extinguishing  limit,  the 
temperature  of  the  flame  is  almost  instantly  lowered  so  much  that 
the  combustible  gas  supplied  can  not  be  ignited,  and  the  flame  goes 
out.  Similarly  with  explosive  mixtures  of  gas  and  air  in  a  globe, 
say,  when  the  upper  limit  of  explosion  has  been  exceeded,  the  oxygen 
content  has  become  so  small  that  the  flame  can  not  extend  itself 
beyond  the  source  of  ignition;  that  is,  the  mixture  will  not  explode. 
This  is  shown  in  the  following  table: 

Data  showing  relation  between  oxygen  content  of  up^  explosive  limits  of  mixtures  of 
certain  gases  and  air  and  oxygen  content  of  similar  mtxtures  that  will  extinguish  flame. 


Gas. 


Hydrogen 

Carbon  monoxide. 

Methane 

Gasoline  vapor. .. 

Natural  gas 

Acetylene 

Ethylene 


Proportion 

Proportion 

of  oxygen 

of  gas  in 

in  gas 

upper 

explosive 

LToiit.a 

mixture 

that  ex- 

tinguishes 
flame. 

Percent. 

65 

6.50 

74 

13.4 

14.8 

17.4 

6.0 

15.5 

12.0 

13.90 

75 

11.70 

22 

13.2 

Proportion 

of  oxygen 

at  highest 

explosive 

Umit. 


Percent. 

7.3 

5.4 

17.8 

19.6 

18.4 

5.23 

16.3 


a  The  values  in  this  column  were  determined  by  the  authors. 

The  comparison  fails  badly  in  the  case  of  carbon  monoxide  and 
acetylene. 

EFFBCT  OF  ATMOSPHERES  LOW  IN  OXYGEN  ON  FIBEB  IN  MINES. 

The  effect  of  the  oxygen  content  of  mine  air  on  a  fire  in  a  mine  is 
important  <*  and  is  as  follows:  When  a  burning  section  of  a  mine  has 
been  successfully  sealed  the  atmosphere  within  changes  in  composi- 
tion. It  first  loses  oxygen  until  the  content  becomes  so  low,  prob- 
ably about  17  per  cent,  that  flame  can  not  exist.  Eventually  the 
oxygen  content  becomes  so  small  that  the  rate  of  combustion  slowly 
decreases,  imtil  ultimately  the  fire  is  out  and  the  mine  can  be  safely 

o  See  Burrell,  Q.  A.,  and  Seibert,  F.  M.,  Gas  analysis  as  an  aid  in  fighting  mine  fires:  Tech.  Paper  13, 
Bureau  of  Mines,  1912, 16  pp.;  Burrell,  G.  A.,  and  OberfeU,  G.  G.,  Explosibility  of  gases  from  mine  fires: 
Tech.  Paper  134,  Bureau  of  Mines,  1916, 31  pp.;  Rice,  G.  S.,  Mine  fires,  a  preliminary  study:  Tech.  Paper 
24,  Bureau  of  Mines,  1912,  p.  38. 
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opened.  Conclusions  as  to  the  approximate  length  of  time  a  sealed 
mine,  or  part  of  a  mine,  shotdd  remain  closed  after  a  fire  has  been 
brought  under  control  are  hard  to  reach,  because  conditions  differ 
greatly.  When  the  oxygen  in  an  area  has  been  almost  or  entirely 
consimied  combustion  must  necessarily  stop,  and  the  question  then 
is  how  long  the  embers,  or  partly  burned  coal,  can  retain  heat  suf- 
ficient to  permit  rekindling  on  the  admission  of  air.  Systematic 
sampling  and  analysis  of  the  atmosphere  in  different  parts  of  a  sealed 
mine  will  show  whether  the  oxygen  diminishes  regularly,  as  it  should 
if  stoppings  are  tightly  built,  or  whether  air  is  leakiag  into  the  fire 
area. 

BSSXTLTS  OF  ANAI<YSES  OF  COAIr-MINE  ATMOSPHERES. 

In  the  course  of  the  investigations  reported  in  this  bulletin  a  large 
number  of  analyses  of  mine  atmospheres  were  made.  Methods  of 
analysis  are  given  in  Bulletin  42  of  the  Bureau  of  Mines.^  The 
analyses  were  classified  in  series  from  1  to  6,  and,  for  convenience  of 
reference,  the  original  classification  has  been  retained  in  presenting 
the  results. 

The  following  analysis  of  pure  outside  air  is  presented  for  com- 
parison with  the  composition  of  the  mine-air  samples  analyzed. 

Analysis  of  pure  air. 

Pwoent. 

Carbon  dioxide  (CO2) 0. 03 

Oxygen  (Oa) 20.93 

Nitrogen  (Na) 79.04 

100.00 

Included  in  the  nitrogen  percentage  are  the  so-called  rare  gases  of 
the  atmosphere — argon,  heUum,  neon,  krypton,  and  zenon.  These 
gases  constitute  about  1  per  cent  of  the  total  constituents  of  air  and, 
hke  nitrogen,  are  inert. 

In  the  tabulations  that  follow,  the  carbon  dioxide,  oxygen,  methane^ 
and  nitrogen,  as  foimd  by  analysis,  are  given.  The  results  of  analy- 
ses have  been  recalculated  to  show  the  air,  black  damp,  and  methane 
present  and  the  percentage  composition  of  the  black  damp.  The 
air  content  is  equal  to  the  nitrogen  equivalent  of  the  oxygen,  accord- 
ing to  the  proportions  foimd  in  pure  air  plus  0.03  per  cent  of  carbon 
dioxide.  The  black  damp  is  equal  to  the  total  nitrogen  minus  the 
nitrogen  equivalent  of  the  oxygen  plus  the  carbon  dioxide  in  the 
mine  air  in  excess  of  the  amount  (0.03  per  cent)  found  in  pure  air. 

a  Burrell,  G.  A.,  and  SeJbert,  F.  M.,  The  sampling  and  examination  of  mine  gaaes  and  aatonl  pa: 
Bull.  42,  Bureau  of  Mines,  1913, 116  pp. 
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The  recalcTilation  of  the  analysis  of  a  mine-air  sample  will  make 
clear  the  foregoing  statement.  The  results  of  analysis  of  a  mine-air 
sample  follow: 

RemdU  ofanalyns  of  a  sample  of  air  from  a  coal  mine. 

Paroent. 

COj 0.  22 

O, ^ , : 2a  13 

CH4 L67 

Na 78.08 

100.00 

The  above  results  recalculated  to  show  air,  black  damp,  and 
methane,  would  give  results  as  follows: 

Results  of  analysis  ofmine-axr  sample  recalculated  to  show  air,  black  damp,  and  methane, 

. .  Per       Per 

Air:  cent     cent. 

COa 0. 03 

Oa 20. 13 

Na 76.01 

96. 17 

Black  damp: 

COa - 19 

Na 2.07 

2.26 

Methane 1.  57 

1.57 

100.00 

The  composition  of  the  black  damp  would  then  be  as  follows: 

COa Per  cent . .    8. 41 

Na do....  91.59 

100.T)0 

The  air  in  the  above  results  is  found  as  follows: 

(79  04\ 
oq'qo  )20. 13=76. 01 

Air=76. 01+20. 13-f  0. 03=96. 17 


v. 


The  black  damp  in  the  above  results  is  found  as  follows:  The 
nitrogen  in  the  sample  in  excess  of  that  found  in  pure  air  =  78. 08  — 
76.01 « 2.07  per  cent.  The  carbon  dioxide  in  the  sample  in  excess 
of  that  foimd  in  pure  air  =0.22  per  cent— 0.03  per  cent  =  0.19  per 
cent.     The  black  damp = 0.19  -f  2.07  =  2.26  per  cent. 

RESULTS  OF  ANALYSES  OF  SAMPLES  IN  SERIES  1. 

The  results  of  analyses  of  samples  included  in  series  1  are  presented 
in  the  following  table. 

17151^—16 3 
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Table  4. — Results  of  andyiet 


Labo- 
ratory 
No. 

Mine 
No. 

I 

3734 

3735 

1 

3771 

2 

3773 
3934 
3935 
3981 

2 
3 
3 

4 

3982 

4 

4001 

5 

4003 

6 

4071 
4072 

6 
6 

4073 

6 

4074 

6 

4076 

6 

4008 

7 

4009 

7 

3339 

8 

3340 

8 

4138 
4135 
6607 

•9 

9 

10 

5(X)9 

10 

5002 

11 

5603 

11 

5604 

11 

Sooroe  of  sample. 


Point  in  mine. 


20  feet  from  face  of  No.  8 

east  entry. 
Face  of  No.  7  south  entry . . 

Crosscut  between  2  rooms. 


.do. 


No.  1  room,  off  No.  10  en- 
try, at  roof,  20  feet  Inby. 

No.  1  room,  off  No.  10 
entry,  at  floor,  10  feet 
inby. 

Surface  crack 


Room,  20  feet  from  a  butt, 

10  feet  f^om  floor. 
Main  intake  for  booster  fan 
Heading  of  north  entry, 

off  3  east. 
Id  east,  between  rooms  56 

and  57. 
Last    crosscut    between 

rooms  19  and  20,  No.  16 

east  entry. 
Main  return,  at  upcast 

shaft. 
Sixth  left  entry  at  face 

Return  air  course,  near 

exhaust  fan. 
/20  feet  inside  brattice  in- 
\   closing  former  fire  area. 
/80  feet  inside  brattice  in- 
closing former  fire  area. 

Return  air  course 

.-..do 

Main  return. 


Point  In  ontry  where  air 
was  oonsiderabl  v  diluted 
with  return  air  from  fire 
area. 

Point  in  a  room  where  it 
holed  through  into  a 
manway. 


Manway 


6,900  cubic  feet  of  air  per 
minute;  temperature, 
76.5-  F.,  W.  B.,  78*  F., 
D.  B.;  relative  humid- 
ity, 92  per  cent. 

6,900  cubic  feet  of  air  per 
minute;  temperature, 
74.5*  F.,W.B.,  77.5*  F., 
D.  B.;  relative  homld- 
Ity,  87  per  cent. 

7,200  cubic  feet  of  air  per 
minute;  temperature. 
74.25*  Fy  W.  B..  77.25* 
F..  D.  B.;  relative  hu- 
midity, 87  per  cent. 

<s  Sample  was  collected  at  the  top  of  a  bore  hole  through  which  mine 
drift  mine  that  had  been  sealed  for  30  days  because  of  fire.  There  were, 
the  outcrop,  making  impossible  complete  exclusion  of  air. 


.do- 


Remarks. 


Air  still;  1-inch  cap  on 
safety  lamp. 

Trace  of  m^hane  shown 
by  safety  lamp. 

Quantity  of  air,  4,200  cubic 
feet  per  minute:  tem- 
perature, 61*  F.,  w.  B., 
60*  F..  D.  B.;  relative 
humidity,  94  per  cent. 

do 


i 


still, 
do.. 


Crack  was  over  a  sealed 
area  in  a  drift  mine  that 
had  been  on  fire  a  short 
time  previous;  fire  prob- 
ably out. 

do 


9,900  cubic  feet  of  air  per 

minute. 
23,100  cubic  feet  of  air  per 

minute. 


}• 


27,000  cubic  feet  of  air  per 
minute;  temperature  67* 
F.,W.  B.  and  D.B.; rel- 
ative humidity,  100  per 
cent. 


Laboratary  analysis. 


COt. 


Perct. 
0.35 

.17 

.08 


.11 
7.41 
7.51 
1.39 

L17 


4.82 


7.83 

.35 
.48 

.53 

1.21 

LOO 
.09 
.16 

6.02 

7.74 

.19 
.21 
.31 


3.07 


L53 


.95 


1.06 


O,. 


Perct. 
19.89 

20.34 

20.71 


20.64 
5.76 
6.20 

16.79 

18.39 


14.37 


10.69 

20.40 
20.02 

20.10 

19.39 

19.31 
20.44 
20.63 

6.02 

3.18 

20.61 
20.52 
20.46 


16.40 


18.84 


19.89 


19.73 


CEU. 


Perct. 
1.94 

1.05 

.37 


.23 
2.93 
2.20 

.07 

.03 


.56 


.89 

.00 
.02 

.07 

.07 


2.87 


2.16 


N«. 


.6^     78.50 


,80 


Pnti. 
77.82 

7S.44 

78.84 


79.02 
83.90 
84.09 
81.75 

80.41 


80.25 


80.59 

79.25 
79.48 

79.30 

79.33 

79.64 
77.52 
78.79 

84.01 

85.17 

79.20 
79.27 
79.08 


77.66 


it 


47 


78.41 


ahr  was  issuhig. 
however,  many 


The  mine  was  a 
small  openings  in 
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of  coal-mine  enr  samples j  series  7. 


Recalculated  analysis,  ahovring  air,  black  damp,  and  methane. 

Calculated  oomposilion 
of  Mack  damp. 

Specific 

Air. 

Black  damp. 

CH4 

COi. 

N,. 

gravity  of 
sample 
(air-l). 

CO,. 

o,. 

N,. 

COi. 

N,. 

Perct. 
0.03 

Peret, 
19.80 

Perct. 
76.11 

Peret. 
0.32 

Perct. 
2.71 

Peret. 
1.94 

Perct. 
10.56 

Perd. 
89.44 

Perd. 
0.99 

.03 

20.34 

76.81 

.14 

1.63 

1.06 

7.91 

92.09 

.99 

.03 

20.71 

78.21 

.06 

.63 

.37 

7.36 

92.65 

.99 

.03 
.01 
.01 
.02 

20.64 
6.76 
6.20 

16.70 

77.94 
21.75 
23.41 
63.41 

.06 
7.40 
7.60 
1.37 

1.08 
62.16 
60.68 
18.34 

.23 
2.93 
2.20 

.07 

6.90 
10.64 
11.00 

6.05 

93.10 
89.36 
89.00 
03.05 

1.00 
1.00 
1.01 
1.00 

.03 

18.39 

09.46 

1.14 

10.96 

.03 

9.42 

90.58 

1.00 

.02 

14.37 

64.27 

4.80 

25.98 

.56 

16.59 

84.41 

1.01 

.02 

10.69 

40.37 

7.81 

40.22 

.89 

16.26 

83.74 

1.02 

.03 
.03 

20.40 
20.02 

77.04 
75.60 

.32 
.46 

2.21 
3.88 

.00 
.02 

12.65 
10.39 

87.35 
89.61 

1.00 
1.00 

.03 

20.10 

76.91 

.50 

3.30 

.07 

12.85 

87.15 

1.00 

.03 

19.39 

73.22 

1.18 

6.11 

.07 

16.19 

83.81 

1.00 

.03 

19.31 

72.02 

.97 

6.72 

.05 

12.61 

87.39 

1.00 

.03 

20.44 

77.19 

.06 

.38 

1.95 

15.38 

84.62 

.99 

.03 

20.63 

77.91 

.18 

.88 

.42 

12.87 

87.13 

1.00 

.01 

6.02 

22.73 

6.01 

61.28 

/      6.16 
\       3.79 

\           8.93 

91.07 

.09 

.00 

3.18 

12.01 

7.74 

73.16 

)       6.05 
\       3.86 

}           9.57 

00.43 

1.00 

.03 
.03 
.03 

20.61 
20.52 
20.46 

77.83 
77.49 
77.27 

.16 
.18 
.28 

1.87 
1.78 
1.81 

.00 
.00 
.15 

10.46 

9.18 

13.40 

89.54 
00.82 
86.60 

1.00 
1.00 
1.00 

.02 

16.40 

61.93 

3.05 

1 

15.73 

2.87 

16.24 

83.76 

1.00 

.03 

18.84 

71.15 

1.60 

6.32 

2.16 

19.18 

80.82 

.99 

.03 

19.80 

75.11 

.92 

3.39 

.66 

21.35 

78.65 

1.00 

.03 

19.73 

74.51 

1.03 

3.90 

.80 

20.80 

79.11 

1.00 

6  Laboratory  analysis,  CO. 
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Tabus  4. — Remits  o/analyta 


Labo- 

Souroeornmple. 

Laboratory  analysis. 

ratory 

Remaiks. 

No. 

Mine 
No. 

Potait  in  mine. 

COs. 

o,. 

CH». 

N,. 

Peret. 

Perd. 

Perd. 

Perd, 

5597 

12 

Main  north  return. 

15,000  cubic  feet  of  air  per 
minute:     temperature, 
fl6*F.,W.B.,andD.B.; 

.34 

30.40 

.23 

79.03 

relative  humidity,  100 

percent. 

5598 

12 
12 

do 

Return  of  14  north  entry. . 

...'.do 

.81 
.12 

20.42 
30.66 

.19 
.22 

79.08 
79.00 

5599 

4,040  cubic  feet  of  air  per 

minute:     temperature, 
67*F.,W.B.andD.B.; 

relative  humidity,  100 

percent. 

5400 

12 
13 

do 

Entry,  at  face 

do 

.15 
.35 

20.68 
20.18 

.17 
1.25 

79.00 

5578 

Temperature.  81.75*   F.: 
W.  B.,  82.75*  F.,  D.  B.; 

78.22 

^^■^  ^B^B^^^  ^W    W    ^iW^F     ^V<^^^r^»  w^w^w    ^avv    ^vv    9 

relative   humidity,    92 

5579 

13 

Seventh  south  entry,  25 
feet  from  face. 

percent. 
6,000  cubic  feet  of  air  per 
minute. 

.29 

30.25 

L94 

77.  S2 

5580 

13 

Main  south  return 

8,308  cubic  feet  of  air  per 

.33 

20.20 

L42 

78,05 

minute:     tenipereture, 
78.25»  Fy  W.  6..  79.25^ 

F..  D.  B.;  relative  hu- 

midity, 96  per  cent. 
3,780  cubic  feet  of  air  per 

5581 

13 

Last  crosscut  of  lifth  horth 

.35 

30.30 

1.08 

78.27 

entry. 

minute;     temperature, 
81«  F.,  W.  B.,  83*  F., 
D.  B.;  relative  hnmid- 

5583 

13 

Return  at  bottom  of  air 

itv,  88  per  cent. 
45,000  cubic  feet  of  air  per 

.36 

30.87 

.78 

78.49 

shaft. 

minute:  76.50*  F.,  W.  B., 
77.50*Ii'.,D.B.;  relative 
humidity,  96  per  cent. 

m 

5586 

13 

South  side  return,  100  feet 

5,880  cubic  feet  of  air  per 
minute:  78.25*  F.,W.^., 
78.76*  P.,  D.B.;  relative 

.87 

20.21 

1.56 

77.86 

from  air  shaft. 

humidity,  98  per  cent. 
21,250  cubic  feet  of  air  per 

5587 

13 

Main  north  return,  100  feet 

.28 

20.41 

.67 

78.61 

from  air  shaft. 

minute;  76.75*  F.,  W.  B., 
78*  F..  D.  B.;  relative 
humidity,  99  per  cent. 

5499 

14 

100  feet  outby  eighth  and 
ninth  right. 

Sample  represented  return 
air  from  eizhth,  ninth, 
tenth,    and     eleventh 

.06 

20.44 

.95 

7SLS 

• 

ridit,  off  north  haulage; 
2,000  cubic  feet  of  air  per 
minute;  67*  F.,  W.  B.; 

68*  F..  D.  B.;  relaUve 

humidity,  95  per  cent. 

5600 

14 

do 

do. 

.12 

30.38 

1.03 

78.47 

5501 

14 

Between  eighth  and  ninth 
right    in    last    break- 

Air  still 

.10 

30.18 

2.04 

77.68 

^■^^  ^^^ 

through. 

5602 

14 
14 

do 

do 

.16 
.00 

19.57 
30.30 

4.56 
1.19 

75.71 

6503 

Ninth  lefty  off  north  haul- 

Sample  of  return  air  from 

78.33 

age,  100  feet  from  en- 

ninth, tenth,  eleventh. 

trance. 

and  twelfth  entries,  oft 
north  haulage;  2,000  cu- 
bic feet  of  air  per  minute; 
67*F.,W.  B.andD.B.; 
relative  humidity,  100 
percent. 

5504 

14 

do 

do 

.12 

20.38 

LOS 

78L47 

5429 

15 

Third  level,  close  to  bulk- 

Metal mine;  62*  F.,  W.  B., 
63*  F..  D.  B.;  relative 

.36 

3a  47 

.00 

79.27 

head  on  east  side. 

humidity,  95  per  cent. 

5430 

15 
15 

do 

do 

.25 

.41 

20.44 
30.35 

.00 
.00 

79.31 
79.21 

1 

5431 

Seventh  level,  west,  at 
bulkhead. 

5432 

15 
15 

do 

.27 
.36 

20.53 
20.61 

.00 
.00 

79.20 

6433 

Upcast  shaft,  10  feet  below 

10,000  cubic  feet  of  aJr  per 

79.13 

collar. 

minute. 

5434 

15 

do 

do 

.27 

30.60 

.00 

79.13 
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of  coaJL-iaint  oxt  samples,  series  /— Continued. 


Recalcolated  aaalsrsJs,  showing  air,  black  damp,  and  mathane. 

Calculated  oomposltion 
of  black  damp. 

Specific 

Air. 

Black  damp. 

gravity  of 
sample 
(alr-l). 

CH4. 

COi. 

N,. 

COt. 

o,. 

N,. 

COi. 

N,. 

Perct. 
0.03 

Peret, 
20.40 

Peret, 
77.04 

Peret. 
0.31 

Peret. 
1.99 

Peret. 
0.23 

Peret. 
13.48 

Peret. 
86.52 

Peret. 
1.00 

.03 
.03 

20.42 
20.66 

77.11 
78.02 

.28 
.09 

1.97 
.98 

.19 
.22 

12.44 
8.41 

87.56 
91.59 

1.00 
1.00 

.03 
.03 

20.68 
20.18 

78.10 
76.21 

.12 
.32 

.90 
2.01 

.17 
1.25 

11.76 
13.73 

88.24 
86.27 

1.00 
.99 

.03 

* 

20.25 

76.47 

.26 

1.05 

1.94 

19.85 

80.15 

.99 

.03 

20.20 

76.28 

.30 

1.77 

1.42 

14.49 

85.51 

.99 

.03 

20.  ao 

76.66 

.82 

1.61 

1.06 

16.58 

83.42 

.99 

.03 

20.37 

76.93 

.33 

1.56 

.78 

17.46 

83.54 

.99 

.03 

20.21 

76.32 

.34 

1.54 

1.56 

18.09 

81.91 

.99 

.03 

20.41 

77.08 

.25 

1.56 

.67 

18.81 

86.19 

•        .99 

.03 

20.44 

77.19 

.06 

1.84 

.05 

8.60 

96.40 

.99 

.03 
.03 

20.38 
20.18 

76.96 
76.21 

.09 
.07 

1.51 
1.47 

1.03 
2.04 

5.62 
4.55 

94.38 
95.45 

.99 

.99 

.03 
.03 

10.57 
20.39 

73.90 
77.00 

.13 
.06 

1.81 
1.33 

4.56 
1.19 

6.70 
4.32 

93.30 
95.68 

.98 
.99 

.03 
.03 

20.38 
20.47 

76.96 
77.30 

.09 
.28 

1.51 
1.97 

1.03 
.00 

5.62 
10.45 

94.38 
89.55 

.90 
1.00 

.03 
.03 

20.44 
20.85 

77.19 
76.85 

.22 
.38 

2.12 
2.39 

.00 
.00 

9(40 
13.72 

90.60 
86.28 

1.00 
1.00 

.03 
.03 

20.53 
20.61 

77.63 
77.83 

.24 
.23 

1.67 
1.30 

.00 
.00 

12.57 
15.03 

87.43 
84.97 

1.00 
1.00 

.03 

20.60 

77.79 

.24 

L34 

.00 

15.19 

84.81 

1.00 
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Table  4. — RuulU  ofancdi^ 


Labo- 
ratory 
No. 


8076 


5076 
5077 

5078 
5486 


54S7 
6490 


6491 
6492 


64l» 
6465 

6466 
6467 


6468 
6409 


6470 
6472  J 
4670 


46n 
4674 


4675 
4656 


4657 
4658 


4659 
4509 


4510 
5903 


6904 
5907 


6908 


Source  of  sample. 


Mine 
No. 


16 


16 
16 

16 
17 


17 
17 


17 

18 


18 

19 

19 
19 


19 
19 


19 
19 
30 


20 
20 


20 
21 


21 
21 


21 
22 


22 
23 


23 
24 


24 


Point  In  nlna. 


20  feet  from  teoe  and  20feet 
east  of  room  neck.  600 
feet  west  of  shaft  bottom. 

do 

ICain    return    air  course 
near  shaft, 
do. 


Manway,  6  feet  inby. 


.do. 


Manway,  900  feet  inby. 


.do. 


North  haulage  return. 


do 

Head  of  air  course., 

do 


Main  return,  inby  foot  of 
air  shaft. 


.do. 


15  feet  inby  F  entry. 


>  •  «  •  aUv*  ••■••••■  •  «••••«••••« 

No.  1  room,  19th  rkht 
entry,  4  feet  from  iaoe 
and  18  Inches  from  roof. 

do 

Main  return,  200  feet  from 
pit  mouth. 


.do. 


Return  air  from  8th  and 
9th  right  entries. 


.do. 


Return  air  lh>m  8th  left 
entry. 

....do 


Second  crosscut,  between 
rooms  1  and  2, 9th  right. 

.do. 


Return  of  one  of  two  splits, 
1,600    feet    from    pit 
mouth. 

....do 

Main  haulage  way,   200 
feet  from  portal. 


.do. 


Sample    taken    in 
where  pillars  were  being 
spUt;airBtm. 

do 

4,700  cubic  feet  of  air  per 
minute. 

do 


2,100  cubic  feet  of  air  per 
minute;  76*  F.,  W.  B., 
79*  F.,  D.  B.;  relative 
humidity,  87  per  cmt. 
.do. 


2,100  cubic  feet  of  air  per 
mhiute;  76*  F.,  W.  B., 
79*  F.,  D.  B.;  relative 
humidity,  87  per  cent, 
do. 


54,720  cubic  feet  of  air  per 
minute;66.6*F.,W.B., 
66.5*  F.,  D.  B.,  relaUve 
humidity,  100  per  cent. 

do 


1,900  cubic  feotof  air  per 

minute. 
....do 


29,500  cubic  feet  of  air  per 
minute;  75.5*  F.,  W.B., 
77.75*  F.,D.B.;  relative 
humidity,  89  per  cent. 

do 

22,500  cubic  feet  of  air  per 
minute:  75.6*  F.,  W.  B., 
77.75*  F.,  D.  B.;  relative 
humidity  90  per  cent. 

> • • •  mUV*  «««••••■••■•••■•■••• 

77*F.,  W.  B.  and  D.  B.; 
relative  humidity  100  per 
cent. 

do 

32,277  cubic  feet  of  air  per 
minute;  53.6*  F..  W.  B. 
and  D.  B.;  relative  hu- 
midity 100  per  cent, 
do 


66*  F.,  W.  B.  and  D.  B.: 
relative  humidity  100 
percent. 

....do 

1,000  cubic  feet  of  air  per 
minute;  69*  F.,  W.  B. 
and  D.  B.;  reUoive  hu- 
midity 100  per  cent, 
do, 


Stmair;66*F.,W.B.,66* 
F..  D.  B.;  relative  hu- 
midity, 95  per  cent. 

do 

40,100  cubic  feet  of  air  per 
minute:  65*  F.,  W.  B., 
56*F.,D.  B. 
do. 


35,100  cubic  feet  per 
minute;  65*  F.,  W.  B., 
56*  F.,  D.  B.;  relative 
humidity,  04  per  cent. 

do 


Laboratory  analysis. 


COt. 


Perct, 
2.68 


2.66 
1.28 

1.26 
1.36 


1.41 
1.37 


1.39 
.08 


.06 
L31 

.38 
1.34 


.42 
.31 


1.31 

L35 

.10 


.17 
.24 


.27 
,08 


.06 
.09 


.09 
.21 


.21 
.05 


.06 
.22 


.25 


O.. 


Peret, 
13.70 


13.74 
17.70 

17.77 
18.85 


18.87 
18.84 


18.86 
20.09 


20.70 
18.42 

20.30 
18.92 


20.20 
20.44 


18.40 
18.66 
16.36 


16.46 
20.44 


20.45 
20.68 


20.63 
20.61 


20.67 
18.91 


19.07 
20.85 


20.83 
20.60 


20.57 


CH«. 


Peret. 
.00 


.00 
.00 

.00 
2.06 


2.06 
2.10 


2.08 
.34 


2.09 

.53 
2.06 


.50 
.48 


1.91 
2.04 
5.70 


6.38 
.14 


.13 
.08 


.06 
.08 


.07 
6.43 


6.62 
.00 


.02 
.04 


.01 


N,. 


Perd. 

83.82 


83.60 
8L02 

8a  97 
77.71 


77.66 
77.69 


77.67 
78.80 


7&89 
78.18 

78.79 
77.68 


78.88 
78.77 


78.38 
77.95 
77.84 


77.00 
79.18 


79.15 
79.16 


79.23 
79.22 


79.17 
74.43 


74.10 
79.10 


79.07 
79.14 


79117 
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of  coal-mine  air  samples ^  series  1 — Continued. 


Recalculated  analysis,  showing  air,  black  damp,  and  methane. 

Calculated  composition 
of  black  damp. 

Spedflo 

Air. 

Black  damp. 

CH4. 

CO,. 

N,. 

gravity  of 
sample 
(air=l). 

COi. 

^  0,. 

N,. 

COt.^ 

N«. 

Peret. 
a  02 

Perct. 
13.70 

Peret. 
51.74 

Perd. 
02.66 

Peret. 
31.88 

Peret. 
0.00 

Perct. 
7.70 

Perct. 
92.30 

Perct. 
1.00 

.02 
.03 

13.74 
17.70 

51.89 
66.84 

2.64 
1.25 

31.71 
14.18 

.00 
.00 

7.69 
8.10 

92.31 
91.90 

1.00 
1.00 

.03 
.03 

17.77 
18.85 

67.11 
71.19 

1.23 
1.33 

13.86 
6.52 

.00 
2.08 

8.15 
16.94 

91.85 
83.06 

1.00 
.99 

.03 
.03 

18.87 
18.84 

71.26 
71.15 

1.38 
1.34 

6.40 
6.54 

2.06 
2.10 

17.74 
17.01 

8?.  26 
82.99 

.99 
.99 

.03 
.03 

18.86 

20.  eo 

71.22 
78.13 

1.36 
.05 

6.45 
.76 

2.08 
.34 

17.41 
6.17 

82.50 
93.83 

.  99 
1.00 

.03 
.03 

20.70 
18.42 

78.17 
60.56 

.05 
1.28 

.72 
8.62 

.33 
2.09 

6.49 
17.37 

93.51 
82.63 

1.00 
.99 

.03 
.03 

20.30 
18.92 

76.66 
71.45 

.35 
1.31 

2.13 
6.23 

.53 
2.06 

13.04 
12.93 

86.96 
87.07 

1.00 
.99 

.08 
.03 

20.20 
20.44 

76.28 
77.19 

.39 
.28 

2.60 
L58 

.50 

.48 

'     14. 11 
15.05 

85.89 
84.95 

1.00 
LOO 

.08 
.08 
.02 

18.40 
18.60 
16.36 

69.49 
70.47 
61.78 

1.28 

1.32 

.OR 

8.89 

7.48 

16.06 

1.91 
2.04 
5.70 

12.59 

15.00 

.50 

87.41 
85.00 
99.50 

.90 
.99 
.97 

.02 
.03 

16.45 
20.44 

62.12 
77.19 

.15 
.21 

14.88 
1.99 

6.38 
.14 

1.00 
9.55 

99.00 
90.45 

.97 
.97 

.03 
.08 

20.45, 
20.68 

77.23 
78.10 

.24 
.05 

1.92 
1.06 

.13 
.08 

11.11 
4.50 

88.89 
95.50 

LOO 
LOO 

.08 
.03 

20.63 
20.61 

77.91 
77.83 

.05 
.06 

1.32 
1.39 

.06 
.08 

8.65 
4.14 

96.35 
95.86 

1.00 
LOO 

.03 
.08 

20.67 
18.94 

78.08 
71.53 

.06 
.18 

1.11 
2.89 

.07 
6.43 

5.13 
5.86 

94.87 
94.14 

1.00 
.97 

.03 
.03 

19.07 
20.85 

72.02 
78.74 

.18 
.02 

2.08 
.36 

6.62 
.00 

7.96 
6.26 

92.04 
94.74 

.97 

.08 
.03 

20.83 
20.60 

78.66 
77.79 

.05 
.19 

.41 
1.35 

.02 
.04 

10.87 
12.34 

89.13 
87.66 

.99 
.997 

.03 

20.67 

77.68 

.22 

1.49 

.01 

12.87 

87.13 

.997 
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Table  4. — Re$uU»  of  aneJftet 


Soaroeofmmpto, 


lAbo- 

latory 
No. 


Mine 
No. 


5866 

5807 

678S 

6780 
5818 


5819 
5822 


6823 
6790 


6731 
6732 


6733 
6666 


6667 
6658 


5660 


25 

25 

25 

25 
26 


26 
27 


27 
28 


28 
28 


28 


(Fire  vm  In  scstod  mlno, 
I  through  hole  in  stopping 
[  of  oatcrop  opening. 

...do 


Point  In  mino. 


Aipcoanoaitry. 
....do 


29 
29 


29 


llafai  return.  75  foot  from 
mhM  mouth. 


fMino  snlod  when  aample 
{  was  ooUected  beeaoae  of 
\   a  prevloas  mine  llr«. 

...do 


I 


I 


.do. 


Face  of  right  entry,  1,200 
feet  west  of  shaft. 


.do. 


Mouth  of  7th  butt  entry. 


llaaway .  300  feet  south- 
west of  pit  mouth. 


.do. 


29    Main  return,  10  feet  from 
bottom  of  air  siiaft. 


84  east  entry,  at  head  of 
last  room  inrou^  from 
0  east  entry. 


.do. 


45,024  cable  feet  of  air  per 
minnte;  62*  F.,  W.  B., 
62.6*  F.,  D.  B.;  relatiire 
humidity,  97  per  cent. 

do 

3,600  cubic  feet  of  air  per 
minnte;  63*  F.,  W.  B., 
54*  F..  D.  B.;  reiatire 
hnmldhy,  04  per  cent. 

do 


9,800  cubic  iset  of  air  per 
mfamte:  56*  F.,  W.  B. 
and  D.  B.;  relativB 
humidity,  100  per  omt. 

40,500  cubic  feet  of  air  per 
mfamte;  62.6*  F.,  W.  B., 
63*  F.,  D.  B.;  reiatira 
humidity,  97  per  cent, 
.do, 


11,300  cubic  feet  of  air  per 
mfamte;  66*  F.,  W.  B., 
67*  F..  D.  B.;  rdative 
humidity,  96  per  cent. 

do 

1,200  cubic  feet  of  air  per 
minute;  75*  F.,  W.  B., 
76*  F..  D.  B.;  relative 
humidity,  96  per  cent. 

do 


COi. 


Per  el. 

14.42 


14.36 

19.00 

19.33 
.07 


.09 
.06 


08 
,12 


.13 
.07 


.09 

.n 


.72 
1.80 


2.00 


O,. 


Pn€L 
3.42 

3.6S 

.90 

L18 
20.67 


20.67 
20.68 


20.50 
20.60 


20.64 
20.74 


20.69 
19.85 


19.87 
18.16 


17.78 


CH«. 


Perd. 
•  .41 

«.44 

»1.96 

»1.99 
.01 


.04 
1.70 


L66 
.06 


.04 
.05 


.06 
.40 


1.99 


2.21 


N,. 


Perd. 
8L42 

81.24 

77.45 

77.40 
79.25 


1 


79.30 
77.72 


77.76 
79.23 


79.19 
79.14 


T9.17 
79.04 


7&98 
78.05 


78.01 


«  CO,  0.33  per  cent. 


»  CO,  0.10  per  cent. 
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of  coal-mine  air  samples,  series  i-^ontinued. 


Recalculated  analysis,  shovring  air,  black  damp,  and  methane. 


Air. 


COt. 

0,. 

Peret. 

Peret. 

0.00 

3.42 

.01 

3.63 

.00 

.90 

.00 

1.18 

.03 

ao.67 

.03 
.03 

ao.57 

20.53 

.08 
.03 

20.fi0 
20.60 

.03 
.03 

20.64 
20.74 

.03 
.03 

20.00 
10.86 

.03 
.03 

19.87 
18.16 

.03 

17.78 

Ns. 


Peret. 
12.92 

13.71 

3.40 

4.46 
78.06 


77.68 
77.63 


77.42 
77.79 


77.94 
78.32 


78.13 
74.96 


75.04 
68.68 


67.14 


Black  damp. 


COi. 


Peret. 
14.42 

14.36 

10.60 

10.33 
.04 


.06 
.02 


.05 
.09 


.10 
.04 


.06 
.68 


.69 
1.77 


1.97 


N,. 


Peret. 
68.50 

67.53 

74.05 

72.94 
1.19 


1.62 
.19 


.34 
1.44 


1.25 

.82 


1.04 
4.08 


3.94 
9.47 


10.87 


CH4. 


Peret. 

{    ':S} 


{ 


C.33 
.44 

c.lO 
1.95 

c.lO 

1.99 

.01 


} 


/       C.lO  \ 
\       1.99  f 


.04 
1.70 


1.66 
.05 


.04 
.05 


.05 
.40 


.48 
1.99 


2.21 


Calculated  composUiaa 
ofblacdcdamp. 


COi. 


Per  a. 
17.39 

17.53 

20.93 

20.95 
3.25 


3.57 
9.52 


12.82 
5.88 


7.41 
4.66 


5.45 
14.29 


14.90 
15.75 


15.34 


Ni. 


Peret. 
82.61 

82.47 

79.07 

79.05 
96.75 


96.43 
90.48 


87.18 
94.12 


92.50 
96.36 


94.65 
85.71 


85.10 
84.25 


84.66 


Specific 

gravity  of 

sample 

(alr-1). 


Peret. 
1.051 

1.051 

1.071 

1.069 

.  Wv 

.996 


.989 
.996 


.994 

MIA 


.996 
.997 


.997 
.994 


,994 


c  Laboratory  analysis,  CO. 


42  BLACK    DAMP   IN    MINES. 

COMMENT  ON   ANALYSES   OF  SAMPLES   IN   SERIES   1. 

The  results  of  analysis  of  111  samples  of  mine  air  from  29  coal 
mines  are  shown  in  the  preceding  table.  The  percentage  of  black 
damp  in  the  samples  varies  from  0.14  to  82.92.  The  average  per- 
centage of  carbon  dioxide  in  the  black  damp  is  11.5  per  cent,  and 
the  average  percentage  of  nitrogen  is  89.5  per  cent. 

The  principal  factors  that  probably  affect  the  formation  of  black 
damp  in  coal  mines  are  (1)  time  of  contact  between  the  air  and  coal; 
(2)  rate  of  reaction  of  a  particular  coal  with  oxygen,  with  subsequent 
formation  of  some  carbon  dioxide;  (3)  temperature  of  the  coal  and 
the  air,  and  (4)  presence  of  moisture.     Of  these  the  two  first  are 
undoubtedly  the  most  important;  hence  it  is  to  be  expected  that 
different  percentages  of  black  damp  will  be  found  at  different  places 
in  the  same  mine.     In  a  return  airway,  where  the  velocity  of  the  air 
current  is  high,  and  the  air  has  been  in  contact  with  the  coal  only  a 
short  time,  small  percentages  of  black  damp  are  found;  however,  in 
the  same  mine,  at  a  working  face,  where  the  air  travels  slowly,  or 
in  an  abandoned  part  of  a  mine,  where  the  air  is  stagnant,  the  per- 
centages of  black  damp  may  be  high,  conditions  clearly  indicated 
by  many  of  the  results  of  analyses  in  the  foregoing  tables. 

If  all  coals  upon  reaction  with  air  produced  carbon  dioxide  in  the 
same  ratio  to  the  oyxgen  consumed,  then  the  percentage  composition 
of  black  damp  should  be  always  the  same  in  all  mines.  Laboratory 
experiments  show,  however,  that  there  is  no  such  constancy,  as 
some  coals  produce  more  carbon  dioxide  in  relation  to  the  oxygen 
absorbed  than  do  others;  hence  black  damp  formed  by  the  action 
of  air  on  different  kinds  of  coal  must  vary  in  composition. 

A  question  of  interest  arises.  Should  the  ratio  between  the  carbon 
dioxide  produced  and  the  oxygen  consumed  be  always  the  same  for 
each  coal?  If  one  takes  a  sample  of  fresh  coal  and  treats  different 
portions  of  it  with  oxygen  under  the  same  conditions,  practically  iden- 
tical results  will  be  obtained.  If,  however,  one  portion  is  allowed  to 
weather  a  long  time,  or  if  more  moisture  is  present  in  one  than  in 
another,  the  results  are  not  so  concordant.  Probably,  also,  other 
factors  must  be  taken  into  consideration.  The  analyses  given  in 
the  preceding  table  show  a  fair  degree  of  concordance;  that  is, 
samples  of  black  damp  from  different  parts  of  the  same  mine  do  not 
vary  as  regards  percentage  composition  of  the  black  damp  nearly  so 
much  as  do  samples  from  different  mines,  although  there  is  lack  of 
strict  concordance  which  shows  that  even  in  the  same  mine  different 
samples  differ  in  composition. 
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TBMPBRATURB  AND  HUMIDITT. 

Wet  and  dry  bulb  temperature  readings  were  taken  in  22  of  the 
29  mines  represented  in  the  first  series  of  results.  In  6  mines  of  the 
22  the  temperature  was  higher  than  it  should  be  under  the  best 
ventilating  conditions.  In  mine  11  the  wet-bulb  temperature  at 
one  place  varied  from  74.25°  to  78.5®  F.  However,  this  place  was 
used  only  for  traveling.  The  wet-bulb  temperature  in  mine  13, 
both  at  the  face  and  in  the  moving  air  ciirrent,  was  too  high.  The 
proportion  of  methane  was  also  higher  than  it  should  be,  ranging 
from  0.67  per  cent  in  the  return  100  feet  from  the  air  shaft  to  1.94 
per  cent  25  feet  from  the  seventh  south  entry.  In  other  words,  the 
introduction  of  more  fresh  air  into  this  mine  would  not  only  have 
cooled  it,  but  would  have  diluted  the  methane  present. 

Mine  16  was  poorly  ventilated.  In  the  return  air  course  where  only 
4,700  cubic  feet  of  air  was  passing  (samples  5077  and  5078)  the 
carbon  dioxide  averaged  1.27  per  cent  and  the  oxygen  17.74  per  cent. 
More  air  would  certainly  have  been  desirable. 

In  mine  18  there  were  high  temperatures  combined  with  high 
carbon  dioxide,  low  oicygen,  and  high  methane  content  in  the  air  of 
the  manway. 

In  mine  20,  the  oxygen  content  of  the  air  was  low,  the  carbon 
dioxide  and  methane  contents  high,  and  the  temperature  high. 

RESULTS  OP  ANALYSES  OF  SAMPLES  IN  SERIES  2  TO  6. 

* 

In  Table  5  following  are  presented  the  results  of  analyses  repre- 
senting mine  air  collected  in  different  mines  in  this  country.  The 
results  have  been  divided  into  five  series  following  series  1  in  the  fore- 
going table.  The  samples  in  series  2  and  3  were  collected  in  mines  in 
West  Virginia.  The  samples  in  series  4  were  collected  in  an  anthracite 
mine  in  eastern  Pennsylvania,  and  the  samples  in  series  5  and  6  were 
collected  in  two  different  mines  in  Indiana.  In  each  mine  the 
sampler  started  at  the  intake,  and  traveled  in  the  direction  of  the  air, 
collecting  samples  at  certain  intervals,  so  as  to  show  the  progressive 
change  in  the  mine  air  as  it  traversed  the  mine  and  came  in  contact 
with  more  and  more  coal. 

The  table  shows  the  laboratory  number  of  each  sample;  the  place 
where  the  sample  was  collected;  the  composition  of  the  sample  as 
received;  the  recalculated  analysis  showing  the  atmospheric  air, 
black  damp,  and  methane  in  the  sample;  and  the  composition  of  the 
black  damp.  Certain  observations  made  in  connection  with  the 
different  samples  are  also  given. 
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Tablb  5. — RemUa  of  analyses  of 

SAMPLES  IN  SERIES  2,  FROM 


T«l_AsM  no 

DiStttMX 

of  point 

Bottle 

Sam- 

ofsam- 

S5? 

No. 

ple  No. 

intake 

Bbaft. 

Feet. 

1 

6368 

2,476 

2 

6357 

3,000 

3 

6356 

8,400 

4 

6856 

3,800 

5 

6354 

4,200 

6 

6361 

4,600 

7 

6353 

5,000 

8 

6360 

5,575 

9 

6362 

6,075 

10 

6352 

6,250 

11 

6359 

6,275 

12 

6350 

6,575 

Point  of  aampUng. 


ICaln  air  oonne  of  west  heading 

Air  courae,  off  Oreen  headlni: 

Air  course,  off   Oreso  beading,  between 

rooms  5  and  6 

Air  coarse,  off  Oreen  heading,  between 

rooms  14  and  15 

Air  course,  off  Oreen  heading,  opposite 

room  24 , 

Air  course,  off  Oreen  heading,  opposite 

room  33 

Air  course,  off  Oreen  heading,  opposite 

room  42 

Bitter  heading,  opposite  room  48 

Bitter  heading,  rlg^t  side,  opposite  room  1 , 
Bitter  heading,  room  55,  off  left  side,  at  iaoe 
Bitter  heading,  at  face  of  room  2,  off  right 

side 

Bitter  heading,  30  feet  from  upcast  air  shaft 


Quantity 
of  air  per 
minute. 


Cuhkfeft, 
62,040 
16,884 

20,216 

13,017 

9,928 

4,260 

Air  still. 

5,266 

Airs^. 

Aftrstm. 

Airstm. 
5,280 


T^unpera* 
tureat 
point  of 

sampling. 


Wet 
bulb. 


54 

54 

54 

53 

53 

54 

54 
56 
55 
56 

56 
66 


Beb- 
tfvebn- 
midity. 


Dry 
bulb. 


•F, 

54 

54 

55 

54 
55 

56 

56 
57 
56 


56 
56 


Perd. 
100 
100 

94 

94 

88 


88 
94 
94. 
89; 

94 

100  I 


SAMPLES  IN  SEBIES  8,  FBOM 


1 

2 

6372 
6365 

1,012 
1,512 

3 

4 

6366 
6360 

1,812 
2,638 

5 

6373 

3,438 

6 
7 
8 
9 
10 

6367 
6368 
6374 
6375 
6370 

3,660 
3,738 

5,812 

11 

6377 

6,612 

12 

6378 

7,425 

13 

6376 

8,075 

12  left  air  course 

Face  of  air  course  of  X  entry,  off  tenth  left 

heading 

Face  of  room  3,  off  tenth  right  heading — 
Opposite  first  cross-cut  beyond  twelfth 

left  heading 

Between  rooms  2  and  3,  off  twelfth  left 

hfiy^tng 

Boom  3,  off  twelfth  left  heading 

Boom  7,  off  twelfth  left  heading 

Between  first  and  second  crosscuts 

Tenth  left  entry,  opposite  fifth  crosscut. . . 
Main  air  course  at  Intersection  with  ninth 

ri^t  heading 

Main  air  course,  between  third  and  fourth 

crosscuts,  beyond  eighth  right  heading. 
Main  air  course,  40  feet  beyond  seventh 

left  heading 

Main  air  course,  60  feet  in  by  fan 


Airstffl. 

Airstm. 
Air  still. 

Airstffl. 

Airstffl. 
Airstffl. 
Airstffl. 
Airstffl. 
1,750 

20,000 

24,450 

41,800 
61,900 


67 

58 

94 

58 

50 

94 

58 

60 

89 

58 

» 

94 

67 

58 

94 

57 

58 

94 

58 

60 

89 

57 

58 

94 

67 

58 

94 

57 

58 

94 

56 

57 

94 

57 

58 

94 

50 

54 

76 

SAMPLES  IN  SEBIES  4,  FBOM  AN  ANTHBAaTE 


1 

6293 

200 

2 

6290 

470 

3 

6206 

682 

4 

6297 

802 

5 

6298 

1,627 

6 

6301 

2,242 

7 

0289 

8,207 

8 

6302 

4,320 

9 

6292 

4,840 

10 

6300 

5,110 

11 

6299 

5,015 

12 

6294 

6,575 

200  feet  from  slope 

470  feet  from  foot  of  slope 

682  feet  from  foot  of  slope,  at  face . 

802  feet  from  foot  of  slope 

1,527  feet  from  foot  of  slope 

2,242  feet  from  foot  of  slope 

3,207  f^et  from  foot  of  slope 

3,800  feet  from  foot  of  slope 

4,320  feet  from  foot  of  slope 

6,110  feet  from  foot  of  slope 

5,915  feet  from  foot  of  atlupe 

6,575  feet  from  foot  of  slope 


6,400 

8,800 

Airstfll. 

12,300 

10,500 

9,700 

8,900 

6,310 

4,360 

Airstffl. 

7,170 

15,300 


61 

63.5 

61 

64.5 

61 

63.5 

61 

63.5 

62 

64.5 

62 

64.5 

64.5 

66 

62 

64.5 

63 

66 

63 

66 

63 

66 

63 

66 

87 
82 
87 
87 
87 
87 
87 
87 
85 
85 
85 
85 
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mine-air  samples ,  series  2  to  6. 
Jl  ICINEIN  WEST  VIBOINIA. 


Becaloolated  analysis  to  ahoir  air,  black 

:damp, 

Compositlcii  of  sample  as 
noeived. 

OUU  lUDfrlUUIB. 

Composition  of 
black  damp. 

Specific 

grayity 

Air. 

Bhck  damp. 

llieth- 
aofi. 

Tair- 

1). 

CO.. 

0,. 

CH4. 

N,. 

CO,. 

0,. 

N,. 

CO^ 

N,. 

CH4. 

CO,. 

N,. 

P.ct. 

0.05 

.06 

P.et. 
20.83 
20.80 

P.et. 

0.03 

.03 

P.ct. 
79.09 
79.11 

p.ct. 

0.03 

.03 

p.et. 
20.83 
20.80 

P.ct. 
78.66 
78.54 

P.ct. 

0.03 

.03 

P.ct. 

0.43 

.57 

P.ct. 

0.03 

.03 

P.et. 
4.4 
6.0 

P.ct. 
95.6 
96.0 

1.00 
1.00 

.06 

20.85 

.04 

79.06 

.03 

20.85 

78.73 

.03 

.33 

.04 

8.6 

91.4 

1.00 

.07 

20.86 

.03 

79.05 

.03 

20.86 

78.77 

.04 

.38 

.02 

13.5 

87.6 

1.00 

.04 

20.90 

.03 

79.  M 

.03 

20.90 

78.92 

.01 

.13 

.08 

7.7 

92.3 

1.00 

.10 

20.76 

.00 

79.14 

.03 

20.76 

78.39 

.07 

.75 

.00 

8.5 

91.5 

1.00 

.11 
.11 
.09 
.39 

20.75 
30.71 
20.81 
20.38 

.02 
.03 
.00 
.02 

79.13 
79.15 
79.10 
79.31 

.03 
.03 
.03 
.03 

20:76 
20.71 
20.81 
20.38 

78.36 
78.20 
78.58 
76.96 

.06 
.08 
.06 
.36 

.76 

.95 

.53 

3.35 

.08 
.03 
.00 
.08 

9.6 

7.8 

10.3 

10.0 

90.4 
92.2 
80.7 
90.0 

1.00 
1.00 
1.00 
1.00 

.10 
.15 

30.77 
30.57 

.05 
.04 

79.08 
79.34 

.03 
.03 

20.77 
20.57 

78.43 
77.86 

.07 
.12 

.66 
1.66 

.05 
.04 

9.7 
7.1 

90.3 
92.9 

1.00 
1.00 

A  lONE  IN  WEST  VIRGINIA. 


a  47 

19.72 

0.00 

79.81 

0.03 

19.72 

74.47 

.44 

5.31 

0.03 

7.7 

92.3 

.52 
.42 

19.64 
19.81 

.02 
.02 

79.82 
79.75 

.03 
.03 

19.64 
19.81 

74.17 
74.81 

.49 
.39 

5.65 
4.94 

.02 
.02 

8.0 
7.3 

92.0 
92.7 

.46 

19.98 

.00 

79.66 

.03 

19.96 

76.45 

.43 

4.11 

.00 

9.5 

90.5 

.43 
.45 
.67 
.46 
.51 

10^83 
19.66 
19.54 
19.63 
19.76 

.00 
.02 
.01 
.08 
.01 

74.85 
79.87 
79.78 
79.83 
79.72 

.03 
.03 
.03 
.03 
.03 

19.82 
19.66 
19.54 
19.63 
19.76 

74.85 
74.02 
73.79 
74.13 
74.63 

.40 
.42 
.64 
.43 
.48 

4.89 
5.85 
5.99 
6.70 
5.10 

.03 
.02 
.01 
.08 
.01 

7.6 
6.7 
9.7 
7.0 
8.6 

92.4 
93.3 
90.3 
93.0 
91.4 

.35 

20.14 

.00 

79.51 

.03 

20.14 

76.05 

.82 

8.45 

.01 

8.5 

91.5 

.35 

30.24 

.03 

79.39 

.03 

20.24 

76.43 

.32 

2.96 

.02 

9.8 

90.2 

.40 
.20 

20.13 
20.43 

.00 
.08 

79.47 
79.34 

.03 
.03 

20.13 
20.43 

76.01 
77.16 

.87 
.17 

3.46 
2.19 

.00 
.03 

9.7 
7.2 

90.3 
92.8 
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0.09 

20.80 

0.05 

79.06 

0.03 

20.80 

78.55 

0.06 

0.51 

0.05 

10.5 

89.5 

.11 

20.74 

.18 

78.97 

.03 

20.74 

78.32 

.08 

.65 

.18 

11.0 

89.0 

.15 

20.63 

.36 

78.87 

.03 

20.62 

77.86 

.12 

1.01 

.36 

10.6 

89.4 

.13 

20.68 

.19 

79.01 

.03 

20.68 

78.09 

.09 

.93 

.19 

8.9 

91.1 

.13 

20.00 

.24 

78.94 

.03 

20.60 

78.13 

.10 

.81 

.24 

11.0 

89.0 

.13 

20.65 

.34 

78.88 

.03 

20.66 

77.98 

.10 

.90 

.34 

10.0 

90.0 

.16 

20.48 

.65 

7a  71 

.03 

20.48 

77.34 

.13 

.65 

.65 

8.7 

91.3 

.09 

20.68 

.80 

78.59 

.03 

20.52 

77.49 

.06 

.80 

.80 

5.0 

95.0 

.16 

20.49 

.94 

78.41 

.03 

20.49 

77.37 

.13 

1.04 

.94 

11.0 

89.0 

.19 

20.37 

1.04 

7d.40 

.03 

20.37 

76.92 

.16 

1.48 

1.04 

9.8 

90.2 

.20 

20.29 

1.17 

78.34 

.03 

20.29 

76.62 

.17 

1.72 

.24 

9.0 

91.0 

.23 

20.39 

1.01 

78.38 

.03 

20.39 

77.00 

.19 

1.38 

1.01 

12.3 

87.7 
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Table  5. — Rendu  of  analyta  of 

SAMPLES  IN  SERIES  5, 


Distanoe 

of  point 

Bottle 

8«n. 

ofsam- 
pUng 
iroin 

No. 

pie  No. 

intoke 

shaft. 

Feet, 

1 

6328 

60 

2 

(822 

562 

3 

6321 

1,300 

4 

6331 

2,060 

5 

6329 

2,600 

6 

6330 

3,560 

7 

6327 

4,026 

8 

6326 

4,175 

9 

6323 

4,400 

10 

6324 

5,100 

11 

6325 

6,500 

Pofnt  of  aampUng. 


llafn  east  entry  at  air  oonrm 

Main  east  vxtty 

do 

....do 

....do 

No.  1  room,  off  second  west  entry 

Room  2,  off  second  west  entry,  off  main 

east  entry 

Room  7,  second  west  entry,  off  main  east 

entry 

Room  9,  second  west  entry,  off  main  east 

entrv,  at  face 

Second  west  air  course  at  overcast  on  first 

east  entry 

Return  at  Junction  of  main  jest  entry  and 

main  north  entry 


Quantity 
of  air  per 
minute. 


CubUfea. 

10,100 

15,000 

13,680 

7,080 

7,790 

Aftr  still. 

Air  still. 

Air  still. 

Air  still. 

1,470 

16,000 


Tempera- 
tureat 
point  of 

sampling. 


Wet 
bulb. 


•F. 
66 
66 
66 
66 
65 
66.5 

65 

66 

67 

66 

67 


I>ry 
bulb. 


67 
67 
67 
67 
66 
67 

66 

67 

68 

67 
68 


Beb- 
threbn- 
mkUty 


Per  a, 
95 
95 
95 
95 
95 
97 

95 

95 

9S 

93 

95 


SAMPLES  IN  SERIES  6, 


1 
2 
3 
4 
5 

6 

7 

8 

9 


10 
11 
12 
13 


6303 
6305 
6306 
6307 

630R 

2,000 
3,000 
4,000 
5,300 

6300 

0,300 

6310 

6,900 

6311 

7,000 

6312 

8,100 

6313 
6314 
6315 
6316 


9,800 
10,700 
11,600 
13,000 


Foot  of  air  shaft,  intake  air 

Fourth  west  air  course 

....do 

do 

Face  of  room  in  eighth  north  entry,  off 

fourth  west  air  course 

Face  of  eighth  north  entry,  off  fourth  west 

air  course 

Room  9,  first  south  entry,  off  third  west 

air  course 

Room  1,  at  face,  off  first  south  entry,  off 

third  west  air  course 

Room  2,  near  tece  at  breakthrough,  off 

eighth  north  entry,  off  fourth  west  air 

course 

Fourth  west  lUr  course,  return  side 

do 

do 

do 


35,700 

65 

66 

95 

9,150 

60 

61 

9i 

13,600 

61 

62 

M 

11,426 

65 

66 

95 

AirstilL 

63 

63 

100 

7,200 

64 

65 

93 

Air  still. 

66 

67 

95 

Air  still. 

65 

66 

«5 

8,710 

65 

66 

9J 

8,710 

65 

66 

95 

13,000 

66 

67 

95 

15,570 

65 

66 

W 

16,575 

65 

66 

95 

a  Sample  taken  at  foot  of  shaft. 
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mine-aiT  samples,  series  i  to  6 — Continued. 

FROH  A  MINE  IK  INDIANA. 


Composition  ot  sample  as 
recelvod. 


CO,. 

0,. 

CH4. 

P.et. 

P,et. 

P.  a. 

ao6 

3a  87 

aoo 

.08 

30.81 

.00 

.00 

3a  83 

.00 

.00 

3a  80 

.01 

.19 

30.55 

.00 

.56 

19.55 

.01 

.76 

19.04 

.07 

.74 

19.00 

.07 

.85 

18.67 

.13 

.54 

10.53 

.04 

.55 

19.99 

.02 

N^ 


P.et. 
79.08 
79.11 
79.13 
79.10 
79.36 
79.88 

8a  13 

8a  19 

8a  35 

79.89 

79.84 


Recalculated  analysis  to  show  air,  black  damp, 
and  methane. 

Air. 

Black  damp. 

Meth- 
ane. 

COi. 

0,. 

N,. 

CO^ 

N, 

CH«. 

P,et, 
a03 
.08 
.03 
.03 
.03 
.03 

P,et. 

3a  87 

3a  81 

30.83 
30.80 
30.55 
19.55 

P.et. 

78.81 
78u50 
78u63 
78.54 
77.60 
73.83 

P.d. 

ao3 

.05 
.03 
.06 
.16 
.53 

P.et. 

a27 

.53 

.50 

.56 

1.66 

6.06 

P.et. 

aoo 

.00 
.00 
.01 
.00 
.00 

.03 

19.04 

71.90 

.78 

&23 

.07 

.03 

19.00 

71.74 

.71 

8.45 

.07 

.03 

18.67 

70.50 

.82 

9.85 

.13 

.03 

19.53 

73.75 

.51 

a  14 

.04 

.03 

19.50 

73.97 

.53 

5.87 

.03 

Composition  of 
black  damp. 


COi. 


P.et. 

ao 

8.8 
5.7 
9.7 
8.8 
8.0 

8.3 

7.8 
7.7 
7.7 
8.1 


N,. 


P.et. 
93.1 
91.3 
94.3 
9a3 
91.3 
92.0 

91.8 

92.3 

93.3 

93.3 

91.3 


Speciflo 

gravity 

(air- 

1). 
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0.04 
07 
.11 
.14 

30.00 
3a  78 
30.70 
30.67 

aoo 

.10 
.10 
.13 

79.06 
79.05 
79.00 
79.06 

a  04 
.03 
.03 
.03 

20.90 
30.78 
30.70 
30.67 

79.06 
78.47 
78.17 
78.05 

aoo 

.04 
.08 
.11 

aoo 

.58 

.92 

1.01 

aoo 

.10 
.10 
.13 

ao 
a5 

8.0 
9.8 

ao 

03.5 
92.0 
90.2 

.25 

2a  43 

.41 

78.91 

.03 

3a  43 

77.15 

.22 

1.76 

.41 

11.1 

88.9 

.21 

3a  43 

.22 

79.14 

.03 

3a  43 

77.15 

.18 

1.09 

.22 

8.8 

91.7 

.25 

3a  31 

.26 

79.18 

.03 

30.31 

76.60 

.22 

2.49 

.26 

8.1 

01.9 

.40 

laso 

.52 

79.10 

.03 

ia8o 

75.11 

.46 

3.90 

.52 

13.9 

8ai 

.24 
.37 
.76 
.55 
1.27 

3a  57 
3a  36 
19.58 

ia67 

18.08 

.29 
.18 
.16 
.12 

7a  06 
78.08 
79.48 
79.62 
8a  53 

.03 
.03 
.03 
.03 
.03 

3a  57 
30.36 
19.58 
ia67 
18.08 

77.68 
7a  88 
73.94 
74.38 
6&27 

.21 
.34 

.73 

.52 

1.24 

1.37 
2.10 
5.54 
5.34 
1X26 

.14 
.29 
.18 
.16 
.12 

13.3 

13.9 

11.6 

8.9 

9.2 

sa? 
8ai 

88.4 
91.1 
90.8 
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COMMENT  ON  RESULTS  OF  SAMPLING  AND  ANALYSIS. 

fiAJCFLES  IN  SEKDSS  2. 

It  will  be  noted  that  the  first  sample  of  series  2  was  collected  2,475 
feet  from  the  intake,  and  the  succeeding  samples  at  greater  distances, 
\mtil  the  last  one  was  taken  6,575  feet  from  the  intake.  In  general, 
the  first  samples  were  lower  in  carbon  dioxide  content  and  higher  in 
oxygen  content,  and  consequently  contained  less  black  damp,  but  the 
change  was  not  so  marked  as  in  the  samples  of  other  series.  The 
composition  of  the  black  damp  was  fairly  constant,  ranging  between 
4.4  per  cent  and  12.5  per  cent  carbon  dioxide  and  between  87.5  and 
95.6  per  t^ent  nitrogen.  The  average  composition  of  the  black  damp 
was  carbon  dioxide,  8.4  per  cent;  nitrogen,  91.6  per  cent. 

SAMPLES  IN   SERIES  3. 

The  first  eight  of  the  samples  in  series  3  were  collected  in  still  air 
at  working  faces.  The  proportion  of  carbon  dioxide  ranged  from  0.20 
to  0.67  per  cent,  the  oxygen  content  ranged  from  19.54  to  20.43  per 
cent,  and  the  percentage  of  black  damp  ranged  from  5.75  to  6.13  per 
cent,  a  small  but  still  noticeable  increase.  The  last  five  samples  were 
collected  in  the  air  current  and  the  greater  purity  of  the  air  is  notice- 
able. The  composition  of  the  black  damp  was  remarkably  constant, 
ranging  from  6.7  to  9.8  per  cent  carbon  dioxide  and  from  90.2  to  93 
per  cent  nitrogen.  The  average  composition  of  the  black  damp  was 
carbon  dioxide,  8.4  per  cent;  nitrogen,  91.6  per  cent. 

SAMPLES  IS  SERIES  4. 

The  change  in  the  composition  of  the  air  as  it  traversed  the  mine  is 
much  better  indicated  by  the  data  regarding  the  samples  in  series  4 
than  by  those  for  the  samples  in  the  two  preceding  series,  because  the 
volume  of  air  traversing  the  place  where  each  sample  was  collected 
did  not  differ  enough  to  influence  markedly  the  percentage  change  in 
the  carbon  dioxide  and  oxygen  contents.  Some  irregularities  due  to 
this  cause  were,  however,  noticeable.  At  the  place  where  sample 
6294  was  collected,  15,300  cubic  feet  of  air  was  passing,  whereas  at 
the  place  where  sample  6299  was  collected,  7,170  cubic  feet  of  air 
was  passing;  this  difference  in  the  quantity  of  air  passing  made  the 
percentage  of  black  damp  in  sample  6294  (1.57)  appear  less,  whereas 
in  reality  the  cubic  feet  of  black  damp  was  greater,  being  240  cubic 
feet  (15,300  by  1.57)  as  against  136  cubic  feet  (7,170  by  1.89)  for 
sample  6299. 

SAMPLES  IN  SERIES  6. 

A  noticeable  increase  in  the  percentile  of  black  damp  is  seen  in  the 
samples  in  series  5.  Samples  6330, 6327, 6326,  and  6323  were  collected 
at  working  faces  in  still  air,  and  consequently  were  much  higher  in  black 
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damp  than  the  other  samples.  These  samples  also  showed  a  progres- 
sive increase  in  black  damp  content  as  the  distance  from  the  intake  was 
increased.  The  greatest  vitiation  in  the  moving  air  was  noticeable 
in  samples  6324  and  6325. 

The  composition  of  the  black  damp  was  nearly  constant.  The 
average  proportion  of  carbon  dioxide  was  9.8  per  cent,  and  of  nitrogen 
90.2  per  cent. 

SAMPLES  IN   SERIES  6. 

Ft<^ressive  vitiation  of  the  air  is  also  noticeable  in  the  samples  of 
series  6.  A  noticeable  feature  is  the  large  increase  of  black  damp  in 
Bample  6316,  as  compared  with  the  proportion  in  sample  6315. 
The  average  percentage  of  carbon  dioxide  in  the  black  damp  is  10.2 
per  cent  and  of  nitrogen  89.8  per  cent. 

EFFECTS  OF  TEMPERATURE   AND  HUMIDrrT    AND  OTHER  FACTORS. 

The  temperatures  in  the  mine  where  the  samples  of  series  2  were 
collected  were  all  moderate,  in  fact,  highly  desirable  working  tempera- 
tures. The  carbon  dioxide  content  was  not  high,  but  the  oxygen 
content  was  satisfactory  and  practically  no  methane  was  present. 
No  fault  could  be  found  with  the  condition  of  the  air  in  this  mine. 

In  the  mine  where  the  samples  of  series  3  were  collected  the  carbon 
dioxide  content  was  higher  than  in  the  foregoing  mine,  the  oxygen 
content  lower,  and  the  temperatures  a  little  higher.  However, 
according  .to  modem  ideas  of  the  purity  of  air  and  the  effects  of  mine 
air  on  individuals,  one  would  say  the  conditions  of  the  air  in  this  mine 
were  all  right. 

Tlie  same  is  true  of  the  mine  where  the  samples  of  series  4  were 
collected,  except  that  the  ventilation  needed  closer  watching  because 
of  the  presence  of  methane  in  the  air  current.  A  proportion  of  1.01 
per  cent  of  methane  in  an  airway  (sample  6294,  where  15,300  cubic 
feet  of  air  was  passing)  is  rather  high.  However,  the  sample  repre- 
sented an  anthracite  mine  in  which  dust  does  not  constitute  the 
menace  that  it  does  in  bituminous  mines.  Many  of  these  mines  are 
extremely  gaseous;  consequently  more  difficulty  is  experienced  in 
keeping  the  methane  down  to  small  percentages  than  in  most  bitu- 
minous mines. 

In  the  mine  where  the  samples  of  series  5  were  collected  conditions 
were  fairly  good.  At  one  working  face  (sample  6323)  the  oxygen 
content  was  18.67  per  cent  and  the  carbon  dioxide  content  0.85  per 
cent.  Hie  mine  was  not  gaseous.  Hie  temperatures  were  satis- 
factory. 

In  the  mine  where  the  samples  in  series  6  wcSre  collected,  one 
sample  (No.  6316)  was  high  in  carbon  dioxide  (1.27  per  cent)  and 

17151^—16 i 


50  BLACK   DAMP   IN   MINES. 

low  in  oxygen  (18.08  per  cent).  This  sample  was  collected  in  the 
return  air  where  16,575  cubic  feet  of  air  was  passing.  The  tempera- 
tures were  satisfactory. 

EFFECTS  OF   LEAKAGE  OF   AIB  THBOUOH  DOOB8,   BRATTICBSy   ETC. 

Necessarily  the  composition  of  the  air  in  an  entry  is  influ^iced 
greatly  by  the  leakage  of  air  through  stoppings,  doors,  brattices,  and 
overcasts.  For  instance,  the  air  may  be  practically  normal  at  a 
particular  place  in  an  entry,  not  having  traveled  very  far  in  the 
mine,  and  hence  not  having  reacted  with  much  coal.  A  short  dis- 
tance farther,  however,  a  deeded  change  in  its  carbon  dioxide  and 
oxygen  content  might  be  caused  by  badly  vitiated  air  leaking 
through  a  door.  That  mine  will  have  the  tightest  doors,  overcasts, 
etc.,  in  which  the  air  shows  a  gradual  and  uniform  change  in  com- 
position as  it  travels  through  the  mine. 

INFLAMMABLE   OA8   IN  MINES. 

Although  this  report  deals  primarily  with  the  vitiation  of  coal-mine 
air  by  changes  in  the  content  of  carbon  dioxide  and  of  oxygen,  some 
reference  to  the  presence  of  inflammable  gas  (methane)  is  required, 
because  coal-mine  ventilation  is  lai^ely  governed  by  the  quantity 
of  inflammable  gas  entering  the  workings. 

For  instance,  the  bituminous-mine  law  of  Pennsylvania  states  that 
in  a  nongaseous  mine  the  minimum  quantity  of  air  shall  be  not  less 
than  150  cubic  feet  per  minute  for  each  person  employed,  and  in  a 
mine  wherein  explosive  gas  is  being  generated  in  such  quantities  that 
it  can  be  detected  by  an  approved  safety  lamp,  the  TniniTniiTn  quan- 
tity  of  air  shall  be  not  less  than  200  cubic  feet  per  minute  for  each 
person  employed  therein,  and  as  much  more  in  either  case  as  one  or 
more  of  the  inspectors  may  deem  requisite.  Further,  under  the  law 
mentioned,  the  use  of  open  lights  is  prohibited  in  any  entry,  airway, 
traveling  way,  room,  or  any  other  working  place  where  explosive 
gas  is  likely  to  be  encoimtered,  and  in  all  such  places  locked  safety 
lamps  must  be  used  exclusively. 

In  other  words,  the  fact  that  coal  mines  generate  inflammable  gas 
in  greater  or  less  quantities  has  necessitated  the  introduction  of  fresh 
air  to  dilute  the  gas,  and  this  natural  gaseous  condition  of  many  coal 
mines  has  had  a  great  deal  to  do  with  keeping  the  air  of  coal  mines 
in  good  condition.  The  presence  of  inflammable  ga^  introduces  the 
danger  of  disastrous  explosions,  especially  in  mines  where  the  air  is 
not  controlled  properly,  but  this  danger,  by  leading  to  the  continu- 
ous introduction  of  immense  volumes  of  fresh  air,  year  after  year,  has 
undoubtedly  been  the  chief  element  in  assuring  good  ventilation* 
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In  general  the  air  in  mines  that  are  termed  ''gaseous/'  and  conse- 
quently are  required  to  have  large  volumes  of  air  coursing  through 
them  and  must  be  inspected  more  thoroughly  to  keep  all  parts  of  the 
workings  free  of  inflammable  gas,  is  higher  in  oxygen,  lower  in  carbon 
dioxide,  lower  in  temperature,  and  moves  faster,  and  in  all  ways  has 
a  higher  standard  of  purity  than  the  air  in  those  mines  that  are 
termed  nongaseous  and  hence  are  not  required  by  law  to  have  as  much 
fresh  air  passing  through  Ihem,  and,  in  which,  because  they  are  not 
menaced  by  inflammable  gas,  the  ventilation  is  not  regulated  as 
carefully. 

OCCTJBBENOB  AND  COICPOSITION  OF  GAS  IK  BOCK  STRATA  OF  THE 
CBIPPLE  CBEEK  OOLD-XININO  DISTRICT,  COLORADO. 

The  senior  authors  of  this  paper,  while  in  Colorado  on  other  official 
business,  made  a  trip  to  the  Cripple  Creek  gold-mining  district  to  get 
more  data  than  is  at  present  available  regarding  the  composition  of 
the  gas  that  issues  from  the  rock  strata  into  the  gold  mines  of  the 
district.  This  gas  was  said  to  cause  suffocation,  and  hence  to  be  a 
menace  to  life.  The  data  presented  herein  relate  principally  to  the 
composition  of  this  gas  and  its  effects  on  men  and  on  lights. 

It  is  estimated  that  25  to  100  miners  have  been  killed  by  the  rock 
gas  in  the  25  years  that  mining  has  been  vigorously  carried  on  at 
Cripple  Creek.  Many  men  have  had  narrow  escapes  from  death, 
some  of  them  having  been  incapacitated  for  days.  In  addition,  on 
certain  days  men  can  not  enter  some  of  the  workiogs.  At  a  few 
mines  fans  are  used  to  force  outside  air  into  the  mines,  thus  improving 
conditions  in  large  measure,  but  even  this  plan,  as  used  at  Cripple 
Creek,  is  not  entirely  adequate  at  all  times. 

ORIOm  OF  THE  STRATA   OA8. 

lingren  and  Ransome  ^  believed  that  the  gas  found  in  the  rocks  of 
the  Cripple  Creek  mining  district  represents  the  last  exhalations  of  the 
extinct  Cripple  Creek  volcano.  In  support  of  this  they  stated  that 
little  timb^riiig  is  used  in  the  mines,  hence  one  can  not  account  for 
the  decrease  of  oxygen  or  increase  of  carbon  dioxide  by  oxidation  of 
timber.  Further,  there  is  only  a  small  proportion  of  pyrite  and  car- 
bonates present  in  the  rocks  and  ores  as  compared  to  that  in  many 
other  mines  entirely  free  from  gas.  Moreover,  no  gas  occurs  in  the 
oxidized  zone,  showing  that  oxidation  can  not  have  anything  to  do 
with  it,  and  as  the  gas  increases  with  depth  it  must  be  mainly  accu- 
mulated in  strata  at  depths  below  those  penetrated  by  the  deepest 
mines  of  this  district. 


alingran,  W.,  and  Raosome,  F.  L.,  Geology  and  gold  deposits  of  the  Cripple  Creek  mining  district: 
V,  8.  GeoL  Sun^,  ProL  Paper  54, 1906,  p.  357. 
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EFFECTS  OF  BABOMETBIC  PBESSURE  ON  OUTFLOW  OF  8TBATA  GAS. 

The  gas  is  confined  in  the  rock  under  such  low  pressure  that  varia- 
tions in  the  outside  atmospheric  pressure  may  materially  affect  the 
outflow  of  gas  into  the  mines.  Also,  at  these  mines  where  fans  force 
air  in,  thereby  putting  the  workings  under  about  6  or  7  inches  of 
water  pressure  (about  0.5  inch  of  mercury),  the  workings  are  more 
or  less  free  from  the  rock  gas  which  is  held  back  in  the  pores  and 
crevices  of  the  rocks.  The  variation  in  outside  atmospheric  pressure 
is  easily  more  than  0.5  inch  of  mercury,  and  the  effect  of  the 
barometric  pressure  on  the  outflow  of  gas  is  appreciated  by  mining 
men. 

COLLECTION  OF  SAMPLES  OF  OAS  IN  FOUB  METAL  MINES. 


One  of  the  authors  collected  samples  of  gas  in  the  Mary  McEjnney, 
Anaconda,  Midget,  and  Cresson  mines.  Data  r^arding  the  samples 
are  contained  in  Table  8.  .  General  remarks  on  some  of  the  mines 
represented  in  the  table  are  presented  as  bearing  on  the  data  given 
in  the  table. 


OB8BBVATIONS  OK  OAS  IN  MIDGBT  MDTB. 


The  Midget  mine  is  situated  on  the  west  slope  of  Gold  HiU.  The 
workings  are  partly  in  breccia  and  partly  in  the  fine-grained  gray 
gneiss  common  to  the  district.  The  mine  has  10  levels.  From  the 
shaft  to  the  tenth  level  is  about  900  feet.  About  20  men  work  under- 
groimd  on  a  leasing  system.  As  regards  the  men  in  the  levels  where 
samples  of  gas  were  collected,  four  men  were  in  the  seventh  level, 
four  men  on  the  eighth,  and  nobody,  on  accoimt  of  bad  gas  condi- 
tions, on  the  ninth  or  tenth.  In  the  afternoon  of  the  day  of  sampling 
the  men  had  to  leave  the  dghth  level  on  account  of  the  gas.  Gas 
conditions  were  said  to  be  worse  than  usual  at  the  mine  on  that  day. 

The  Midget  mine  uses  a  pressure  system  of  ventilation.  On  the 
surface  is  a  5-foot  Sturtevant  fan  driven  by  a  20-horsepower  motor 
which  forces  air  through  an  air  compartment  in  the  shaft  to  a  pomt 
below  the  second  level,  whence  the  air  spreads  into  the  various  levels. 
In  the  drifts  at  various  distances  from  the  shaft  are  air  doors,  built 
of  1-inch  boards  and  tightened  with  canvas.  Thus,  a  small  pressure, 
3  or  4  inches  water  gage,  is  placed  on  the  mine  workings,  sufficient 
to  check  in  part  the  outflow  of  gas  from  the  rocks  and  enable  the 
men  to  do  more  work  than  they  could  without  the  fan.  But  when 
the  outflow  of  gas  is  stronger  than  usual,  workmen  are  sometimes 
driven  from  the  lower  levels,  and  occasionally  can  not  reenter  for 
days. 
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The  Conundrum  mine  was  the  first  in  the  Cripple  Creek  district  to 
install  this  system  of  ventilation.    This  mine  adjoins  the  Midget. 

Of  the  series  of  samples  collected  at  the  liiGdget  mine,  only  one, 
No.  664,  was  collected  outside  the  pressure  area  or  zone  and  beyond 
the  door.  Candles  burned  freely  inside  the  door,  but  20  feet  beyond 
they  went  out,  indicating  at  this  point  less  than  17  per  cent  of  oxy- 
gen. When  the  door  was  opened  the  air  rushed  through  with  suffi- 
cient strength  to  blow  out  the  lights. 

OENBRAL  OBSERVATIONS  KBOARDINO  OASBOUS  CONDITIONS  IN  ANACONDA  MINE.     • 

The  workings  of  the  Anaconda  mine  in  the  town  of  Anaconda 
extend  through  Gold  Hill,  The  mine  is  worked  through  an  adit 
haying  a  portal  at  Anaconda.  The  preTsiling  country  rock  is  breccia, 
with  some  irregular  bodies  of  latite-phonolite  and  a  few  dikes  of 
phonolite  and  basalt. 

The  Anaconda  shaft  is  reached  by  means  of  an  adit  1,135  feet 
long.  The  fourth  and  fifth  and  lower  levels  are  at  times  much 
troubled  by  rock  gas.  The  progressire  vitiation  of  the  air  in  the 
fourth  drift  of  the  fourth  level  is  shown  by  the  data  presented  in 
Table  6  r^arding  the  first  six  samples  from  the  Anaconda  mine. 
In  taking  sample  691,  300  feet  north  of  the  shaft,  which  contained 
9.02  per  cent  of  oxygen  and  5.51  per  cent  of  carbon  dioxide,  the 
sampler  advanced  with  an  acetylene  lamp  held  near  his  mouth,  imtil 
the  lamp  went  out  (about  12  or  13  per  cent  oxygen),  then  reached 
down  and  collected  the  sample  near  the  floor.  The  dangerous 
stratification  of  the  gas  is  well  shown  by  these  analyses.  At  the 
height  of  a  man's  mouth  the  air  was  breathable,  but  at  the  floor 
a  man  would  collapse  quickly  because  of  the  small  amount  of  oxygen 
(5.51  per  cent)  there.  Similar  stratification  is  shown  by  samples 
taken  at  other  points. 

It  was  noticed  on  another  occasion  that  a  lighted  candle  would 
bum  fairly  well  at  one  point  in  a  drift,  but  become  extinguished 
further  along,  although  great  care  was  taken  that  it  should  not 
be  extinguished  by  a  sudden  movement  or  jerk.  At  a  point  still 
further  in  the  drift  it  would  stay  lighted.  Usually,  though,  the 
nearer  one  approached  the  breast  of  a  drift  containing  much  rock 
gas  the  worse  the  air  became. 

OBSBKYACIONS  ON  GAS  IN  CBES80N  HDTB. 

The  Cresson  mine  is  on  Raven  Hill  about  two  and  one-half  miles 
from  the  Midget  mine  and  two  miles  from  the  Anaconda  mine.  It 
has  13  levels.    The  prevailing  country  rock  is  andesite  breccia. 

A  wooden  door  made  as  tight  as  possible  is  placed  in  each  drift 
beyond  the  workings  and  a  compressed-air  pipe  is  run  through  a 
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hole  in  the  door  and  is  sealed  around  as  tightly  as  possible.  A  valve 
placed  inside  the  door  provides  for  turning  on  the  compressed  air. 
When  the  air  is  turned  on  the  rock  gas  is  kept  back.  The  effective- 
ness of  this  plan  is  shown  by  the  analyses  of  samples  collected  inside 
and  beyond  one  of  these  doors. 

In  collecting  sample  760  the  collector  advanced  10  feet  beyond 
where  the  air  was  comparatively  good,  holding  his  breathy  then 
quickly  snapped  the  sealed  and  evacuated  glass  sample  bottle, 
whereupon  the  mine  gas  immediately  filled  the  bottle,  after  which 
he  quickly  came  out.  Even  so  he  had  a  narrow  escape,  for  his 
knees  became  weak  and  his  mind  slightly  hazy,  owing  no  doubt  to 
inadvertently  breathing  a  Uttle  of  the  atmosphere.  As  soon  as  he 
came  to  better  air  10  feet  away  he  felt  all  right. 

Sample  760  showed  the  effect  of  the  compressed  air  in  holding 
back  the  rock  gas.  At  the  height  of  a  man's  head  just  at  the  door 
the  oxygen  content  of  the  atmosphere  was  16.23  per  cent,  whereas  10 
feet  beyond  the  door  the  oxygen  content  was  only  2.69  per  cent. 
This  sample  more  closely  approximated  the  pure  rock  gas  than  any 
other  collected. 

So-called  blowers  of  gas  are  difficult  to  find  in  the  Cripple  Creek 
mines.  The  escape  of  gas  from  the  rocks  usually  is  uniform  from 
thousands  of  small  pores  rather  than  from  large  outbursts  at  one 
particular  place.  If  one  calculates  the  air-free  composition  of  this 
sample  (No.  760),  by  eliminating  the  nitrogen  and  oxj^n  accord- 
ing to  the  proportions  found  in  atmospheric  air,  the  composition 
becomes  12.69  per  cent  carbon  dioxide  and  87.31  per  cent  nitrogen. 
These  figures  show  the  composition  of  the  pure  rock  gas,  if  one  assumes 
that  the  air  in  the  sample  as  collected  was  due  to  dilution  of  the 
rock  gas  by  the  mine  air. 

Apropos  of  the  occasional  small  outbursts  of  gas  from  the  rocks,  it 
is  interesting  to  mention  at  this  point  an  incident  related  by  the 
superintendent  of  the  Midget  mine.  In  the  course  of  his  duties  in  the 
mine  he  was  leaning  against  the  wall  of  a  drift  with  his  face  close 
to  the  rock,  talking  to  another  man.  Suddenly  he  felt  diiasy  and 
breathless  and  his  knees  became  weak.  Although  not  knowing 
the  cause  of  his  distress  he  changed  his  position  and  soon  felt  better. 
Then  it  occurred  to  him  that  possibly  a  small  feeder  of  gas  was 
finding  its  exit  close  to  where  he  had  been  standing;  so  he  put  his 
carbide  lamp  up  against  the  rock  at  that  place.  It  was  immediately 
extinguished,  showing  that  his  assumption  had  been  correct. 

TABULATED   DATA. 

Table  6,  presenting  detailed  data  regarding  the  samples  taken 
in  the  fom*  mines  under  consideration,  foUows. 
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SPECIAL  AIB  SAMPLES    FROM  MARY   m' KINNEY  MINE. 

The  Mary  McEanney  mine  is  situated  on  the  south  side  of  Squaw 
Oulchy  opposite  the  town  of  Anaconda.  The  first  ore  was  shipped  in 
1893.  The  workings  are  mainly  in  breccia  and  phonolite.  Data  on 
the  air  samples  collected  in  this  mine  by  one  of  the  authors  is  shovn 
in  Table  8. 

At  the  instance  of  the  authors  mine-air  samples  were  collected  by 
A.  O.  Suydam,  a  mining  engineer  of  Cripple  Creek,  for  22  days,  almost 
daily,  in  the  Mary  McKinney  mine,  in  the  No.  12  north  dr^t,  on  the 
800-foot  level,  about  1,800  feet  from  the  shaft.  The  point  of  sam- 
pling was  close  to  a  fissure  in  the  rock  from  which  a  '^feeder''  of 
rock  gas  intermittently  issued. 

Table  7  following  shows  the  number  of  samples  collected  at  this 
point  by  Mr.  Suydam,  date  of  sampling,  results  of  analyses,  and  the 
direction  of  the  wind  and  the  barometric  pressure  on  the  date  the 
samples  were  collected: 

Table  7. — Data  regarding  ga$  samples  collected  near  feeder  in  Mary  McKinntif  mine. 


Sample  No. 

Date  Of. 
ooUeo- 
tionof 
sample. 

Analysis. 

Dixwtlonof 
wind. 

Baro- 
metric 
pres- 
sure. 

Condition  of 
weather. 

Stien^ 

COt 

o« 

Nt 

ctfwxnd. 

0067 

1915. 
Nov.    1 
Nov.    8 
Nov.    6 
Nov.    0 
Nov.  11 
Nov.  13 
Nov.  15 
Nov.  22 

0.24 

12L06 

13.27 

8.84 

.17 

11.05 

7.66 

.41 

20.58 

2.07 

.04 

7.83 

20.75 
3.30 
8.80 

20.64 

70.18 
64.07 
85.70 
83.33 
70.06 
85.56 
63.25 
78.95 

N.toNW 

8W 

22.25 
22.20 
22.16 
22.06 
21.06 
21.03 
22.00 
22.16 

Cimr 

Mild. 

0064 

.....do — 

Partly  cloudy 

Clear  and  cold. 

Partly  cloudy 

Clear  and  oold. 

Olfiar 

Do. 

0066 

S.toSW 

S.toSW 

NW.toN 

S.toSW 

N.toNW 

N.toNW 

Da 

0661 

Da 

0963 

StroDS. 
Mild. 

0060 

0068...- 

0060 

Brisk. 
MOd. 

In  addition  to  the  results  given  above  some  interesting  observations 
were  made  by  Mr.  Suydam  as  to  the  effect  of  different  vnnd  and 
barometer  conditions  on  the  air  in  the  drift  of  the  Mary  McKinnej 
mine  as  indicated  by  candles  and  acetylene  lights.  These  data  are 
shown  in  Table  8,  following. 
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Tablb  8. — Data  regarding  effect  of  wind  and  barometer  conditions  on  air  in  drift  of  Mary 

McKinney  mine. 


Wind. 

Dfttew 

BafonW' 
t«r. 

8ky. 

Remarks. 

DiraotloD. 

8tl«DgtlL 

1915. 

Oct.   11 

21.875 
21.965 

S.toS.W 

N.toN.E 

Mfld 

Cloudy 

Ckar 

Mine  closed  because  of  strata  eas. 

13 

C^m 

Air  good  in  drift. 

14 

21.965 

N.  E.toN 

do 

Cloudy 

Some  strata  gas  in  drift. 

16 

22.030 

N.  E.toN 

Strong 

do 

Air  good. 

16 

22.130 

8.  W.toS 

Calm 

do 

17 

22.185 

N.toN.W 

Mild 

aear 

Da 

19 

22.175 

do 

do 

do 

Do. 

21 

22.240 

S.toS.E 

do 

do 

Do. 

23 

22.350 
22.205 

do 

Calm 

do 

.  ....do 

do 

Some  strata  gas  in  drift. 

28 

do 

Do. 

25 

22.200 

N.toN.W 

do 

do 

Air  good. 
Do. 

26 

22.290 

N.toN.E 

Lirht 

Calim 

.....do 

27 

22.380 

N.toN.W 

do 

Do. 

28 

22.386 

do 

do 

.....do 

Do. 

ao 

23.236 

8.W.toB.toW.. 

Brisk 

Partly 
cloudy. 

Strata  gas  in  drift. 

Nov.    3 

22.260 

W.  to  8.  W.  to 
N.W. 

Mild 

do 

Air  good. 

10 

21.750 

8.to8.W 

do 

Peg 

Do. 

16 

21.800 

N.toN.W 

do 

Ckiar(cold). 

Strata  gas  in  drift. 

18 

do 

do 

do 

No  gas;  air  good. 

19 

22.*i85 

N.W.toN 

do 

Clear 

Air  good. 

Regarding  those  samples  that  were  collected  and  analyzed,  the 
total  number  of  samples  collected  was  too  small  to  permit  the  draw- 
ing of  rigid  conclusions.  With  one  exception  (sample  No.  6988)  the 
largest  amounts  of  carbon  dioxide  and  the  smallest  amounts  of 
oxygen  were  found  in  samples  collected  when  the  wind  was  from  the 
soutix  or  southwest.  This  relation  agrees  with  statements  of  some 
mining  men  that  when  the  wind  came  from  the  south  or  southwest 
the  most  rock  gas  entered  the  mines. 

Table  7  shows  that  rock  gas  was  present  m  the  north  drift  of  the 
Mary  McKinney  mine  when  the  wind  was  south  or  southwest  in  4 
cases  and  when  it  was  north  in  2  cases.  Also  in  10  cases  the  air  was 
good  in  the  drift  when  the  wind  was  from  the  north,  and  in  3  cases 
when  it  was  from  the  south  or  southwest.  Also  a  consistent  relation 
coidd  not  be  traced  between  the  barometric  pressure  and  the  presence 
of  rock  gas. 

Some  of  the  mining  men  of  the  Cripple  Creek  district  hare  a  theory 
that  when  the  wind  comes  from  the  south  or  southwest  it  sweeps  up 
canyons  where  the  rock  outcrops.  These,  being  somewhat  porous, 
permit  the  entrance  of  atmospheric  air,  which  forces  the  rock  gas 
into  the  mine  workings. 
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COMPOSITION    OF    STRATA    QAS    SAMPLES    CALCULATED    ON    AIR-FREE 

BASIS. 

It  was  impossible  to  procure  samples  of  pure  strata  gas  as  it  issued 
from  the  rocks  in  the  Cripple  Creek  mines  during  the  visit  of  one  of 
the  authors.  Entrance  was  made  as  far  as  it  was  possible  to  pene- 
trate into  some  of  the  drifts  that  were  most  affected.  A  sample 
(No.  760)  containing  2.69  per  cent  oxygen  was  obtained  from  the 
Creason  mine  and  was  the  sample  containing  the  largest  percentage 
of  strata  gas.  Undoubtedly  if  one  had  been  able  to  penetrate  15 
or  20  feet  farther  into  the  drift  a  sample  practically  devoid  of  oxy- 
gen could  have  been  procured.  One  can  determine  rather  closely  the 
composition  of  the  strata  gas,  however,  by  selecting  those  samples 
that  contained  the  smallest  percentages  of  oxygen  and  calculating 
them  air-free,  as  has  been  done  in  the  following  table: 

Avr-free  compoailion  of  samples  eoTUaining  small  percentages  of  oxygen, 

lODOBT  KINE. 


Sample 
No. 

co». 

Ot. 

Combus- 
tible gas. 

Ni. 

TotaL 

Calculated  air-fr«e. 

COi. 

N,. 

770 
400 
7M 

Pereent, 
8.84 
8.68 
7.35 

Pereent, 
10.86 
10.86 
11.63 

Percent, 
0.00 
.00 
.00 

Pereent. 
80.30 
80.46 
81.02 

Pereent. 
100.00 
100.00 
100.00 

Pereent. 
18.37 
18.03 
16.53 

Pereent. 
81.63 
81.97 
83.47 

ANACONDA  MINE. 


066 

7.96 

7.50 

0.00 

84.54 

100.00 

12.40 

87.60 

037 

5.43 

11.78 

.00 

82.70 

100.00 

12.41 

87.50 

601 

9.02 

5.51 

.00 

85.47 

100.00 

12.23 

87.77 

750 

8.00 

7.19 

.00 

84.72 

100.00 

12.82 

87.68 

MARY  McIONNEY  MINE. 


762 
976 

7.54 
5.88 

8.01 

ia7i 

0.00 
.00 

84.45 
83.41 

100.00 
100.00 

12.20 
12.  (» 

87.8 
87.07 

CRESSON  MINE. 


707 
760 

8.90 
11.08 

7.03 
2.60 

0.00 
.00 

84.07 
86.23 

100.00 
100.00 

13.4 
12.71 

88.6 
87.29 

These  calculations  show  that  the  composition  of  the  strata  gas 
varied  between  12.03  and  18.37  per  cent  of  carbon  dioxide  and  81.63 
and  87.97  per  cent  of  nitrogen.  The  average  of  all  of  the  results  is 
13.87  per  cent  of  carbon  dioxide  and  86.13  per  cent  of  nitrogen. 
Thus,  the  rock  gas  is  a  mixture  of  carbon  dioxide  and  nitrogen.  In 
making  the  calculations  it  was  assumed  that  no  oxygen  is  present 
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in  the  gas  as  it  issues  from  the  rock,  and  that  any  air  in  the  samples 
was  due  to  dilution  of  the  rock-strata  gas  by  the  air  of  the  mine. 
This  assumption  appears  to  be  justified  because  in  a  drift  more  or 
less  filled  with  rock-strata  gas  the  gas  becomes  less  and  less  diluted 
with  oxygen  as  one  travels  from  the  good  air  of  the  mine  farther  and 
farther  into  the  bad  air  of  the  drift. 

A  tendency  was  noticed  among  the  mining  men  of  Cripple  Creek 
to  speak  of  the  strata  gas  as  carbon  dioxide  or  at  least  as  if  carbon 
dioxide  was  the  predominating  constituent.  This  is  not  the  case. 
Nitrogen  is  much  in  excess.  The  bad  effects  produced  are  principally 
due  to  the  fact  that  the  rock  gas  so  dilutes  the  air  of  the  mines  that 
the  oxygen  falls  to  a  point  where  lights  will  not  bum  or  so  low  that 
life  is  endangered. 

In  the  authors'  opinion  the  acetylene  light  shoidd  not  be  used  as 
the  sole  warning  against  the  presence  of  gas  in  these  mines.  It  is 
true  that  where  the  acetylene  lamp  bums  there  is  enough  oxygen 
(12  to  13  per  cent)  in  the  air  to  support  life,  but  under  such  conditions 
the  air  only  a  short  distance  beyond  in  a  drift  or  at  the  floor  may  be 
fatal  to  life.  The  warning  of  a  candle  flame  affords  a  much  wider 
margin  of  safety.  At  some  mines  the  operators  allow  no  work  to  be 
performed  where  a  candle  will  not  bum. 

EFFECT  OK  MEN  OF  PARTIAL  PRESSURES  OF  OXTGEK. 

The  effects  of  carbon  dioxide  and  oxygen  on  men  and  lights  have 
been  discussed  in  a  previous  part  of  this  report.  A  point  that  can  be 
profitably  emphasized  here  is  the  effect  of  the  partial  pressure  of  the 
oxygen  on  men. 

The  effects  of  working  in  bad  air  of  the  Cripple  Creek  mines  are 
typical  of  the  effects  produced  by  any  low  oxygen  and  high  carbon 
dioxide  atmospheres.  After  a  day's  work  the  men  suffer  a  feeling  of 
oppression,  heaviness;  and  lassitude,  or  sleepiness,  and  a  loss  of 
appetite,  the  degree  of  distress  depending,  of  course,  upon  the  extent 
of  vitiation  of  the  air.  When  the  air  gets  very  bad,  say  when  a 
candle  will  not  bum,  sUght  exertion  causes  breathlessness.  Much 
exposure  in  bad  air  brings  on  headaches  and  nausea  and  complete 
exhaustion.  That  more  fatalities  do  not  occur  is  due  to  the  fact 
that  the  men  fairly  well  appreciate  the  warning  of  their  lamps  and 
are  careful  about  venturing  where  acetylene  lamps  will  not  bum. 
Collapse  may  be  very  sudden  in  atmospheres  low  in  oxygen.  In 
fact,  it  is  typical  of  such  atmospheres  that  httle  warning  is  given  of 
their  great  danger.  In  some  cases  men  who  have  collapsed  and 
been  rescued  have  been  days  recovering.  The  after  effects  are  very 
similar  to  those  produced  by  poisoning  by  carbon  monoxide. 
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CX>MPARISON   BETWEEN   THE   INDICATIONS  AFFORDED  BT  CANDLE   AND 
BY  ACSTTLENE  FLAMS  AND  ANALYSES  OF  TBDB  SAMPLES. 

.  At  each  place  where  samples  were  collected  by  one  of  the  authors 
he  made  a  note  of  the  condition  of  his  lamp  flames,  both  candle  and 
acetylene.  It  is  interesting  to  compare  these  observations  with  the 
oxygen  percentages  of  the  various  samples,  as  in  the  following  table: 

Data  blowing  relation  of  oxygen  contents  of  wmples  to  burning  of  candle  and  aee^lenit 

lamp  flames, 

lODOET  MINE. 


Sample  No. 

Oxvgen 
sample. 

Gandle 
burned. 

Acetylene 

lamp 
burned. 

Sample  No. 

Oxvgan 
sample. 

Omdle 
burned. 

Acetylene 

lamp 
burned. 

781 

Percent. 
16.57 
18.03 
laSB 
18.53 

No 

Yes 

No 

Yesa... 

No. 
Yes. 
No. 
Yes. 

400 

PereenL 
ia86 
11.6S 
15.06 

No 

No 

No 

No. 

776 

704 

No. 

770 

664 

Yes. 

296 

ANACONDA  MINE. 

906 

7.50 

11.78 

5.51 

7.10 

No 

No 

No 

No 

No. 
No. 
No. 
No. 

604 

18.30 
18.44 
17.70 

Yes«.... 

Yes-.... 
Yesa.... 

Yes. 

937 

948 

YasL 

601 

600 

Yea. 

750 

MARY  McKINNEY  MINE. 

761 

ia70 
&01 

No 

No 

No. 
No. 

780 

13.87 
ia71 

No 

No 

Yes. 

762 

976 

No. 

CRE880N  MINE. 

797 

7.08 
16.23 
21.60 
17.10 

No 

No 

No 

Yeea.... 

No. 
Yes. 
No. 
Yee. 

754 

14.05 
16.74 
16.65 
17.78 

No 

No 

No 

Yesa.... 

Yes. 

796 

763 

Yes. 

760 

772 

Yes. 

750 

044 

Yes. 

•  Feebly. 


In  general  these  results  show  that  the  candle  flame  became  extin- 
guished when  the  oxygen  in  the  atmosphere  fell  to  17  to  18  per  cent, 
and  that  the  carbide  flame  was  extinguished  when  the  oxygen  con- 
tent fell  to  12  to  14  per  cent. 


COMBUSTIBLE   OAS   IN   THE   ROCK-STBATA  GAS. 

Eight  of  the  samples  examined  contained  traces  of  combustible 
gas.  The  largest  proportion  was  0.03  per  cent.  Prestunably  all  of 
the  samples  contained  small  proportions  that  could  not  be  detected 
by  analysis.  The  relation  between  the  contraction  and  the  carbon 
dioxide  content  indicated  that  this  combustible  gas  was  methane. 
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Rarely  a  small  outburst  of  gas  is  encountered  that  burns  when  a 
torch  is  applied  to  it,  but  quickly  burns  itself  out. 

VBNTILATION  CONDITIONS  OF  15  ICBTAL  MINBS  AS  INDIOATBD 

BY  ANALYSES  OF  AIB  SAICPLES. 

In  Table  9  following  are  shown  data  regarding  samples  of  air  col- 
lected in  15  metal  mines.  Most  of  the  samples  were  collected  by 
H.  M.  Wolflin,  TTiiniTig  engineer  of  the  Bureau  of  Mines.  Some  were 
collected  by  Edwin  Hi^ins,  also  a  mining  engineer  of  the  Bureau. 
The  samples  were  analyzed  by  the  authors.  The  table  and  the 
comments  following  touch  upon  the  ventilation  in  the  different  mines. 

Calculations  to  show  the  amount  of  black-damp  present  were 
made  only  for  samples  that  were  not  affected  by  blasting  operations 
in  the  mines. 
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COMMENTS   ON   RESULTS   OF  ANALYSIS. 

Only  one  of  the  samples  (laboratory  No.  4609)  of  air  from  Mine  1 
contained  a  proportion  of  oxygen  that  was  either  low  or  excessive  as 
compared  with  the  oxygen  content  of  ordinary  air.  All  of  the  sam- 
ples were  collected  several  hours  after  blasting  operations.  Hence 
the  mine  air  was  not  vitiated  in  any  appreciable  degree  at  the  time 
the  samples  were  collected.  All  of  the  temperatures  observed  at  the 
time  of  sampling  were  high — too  high  to  allow  men  to  do  good  work. 

Of  the  samples  collected  in  Mine  2,  four  Gaboratory  Nos.  4036, 
4037,  4052,  and  4056)  contained  excessive  amounts  of  carbon  diox- 
ide. These  samples  were  all  collected  at  the  same  place,  a  few 
minutes  apart.  The  atmosphere  contained  powder  smoke  as  the 
result  of  a  previous  blast,  hence  the  atmosphere  was' vitiated  by 
products  of  combustion  from  the  blast.  Wet-bulb  temperatures 
were  not  noted  in  this  mine.  The  dry-bulb  temperatures  were  good 
except  that  observed  at  the  time  of  taking  the  sample  designated 
laboratory  No.  4079.  The  wet-bulb  temperature  was  not  deter- 
mined in  connection  with  the  collection  of  this  latter  sample,  but  the 
sense  of  discomfort  experienced  by  the  sampler  and  the  moist  con- 
dition of  the  place  of  sampling  indicated  that  the  air  was  almost 
saturated  with  moisture.  Sample  4079  was  the  only  one,  not  con- 
taminated with  products  of  combustion  from  a  blast,  that  had  a  high 
percentage  of  carbon  dioxide.  The  analyses  of  two  of  the  samples 
collected  in  Mine  2  were  recalculated  to  show  the  percentage  of 
black  damp  present. 

Wet-bulb  temperatures  observed  in  Mine  3  exceeded  75^  F.  The 
chemical  analyses  disclosed  no  low  oxygen  or  high  carbon  dioxide 
content.  The  composition  of  the  black  damp  ranged  from  5.2  to  12 
per  cent  carbon  dioxide  and  from  88  to  94.8  per  cent  oxygen. 

The  temperatures  and  the  humidity  readings  observed  in  Mine  4 
were  excessively  high.  The  chemical  analyses  of  the  air  disclosed 
no  bad  condition.  Black  damp  contained  4.2  to  17.6  per  cent  carbon 
dioxide  and  82.4  to  95.8  per  cent  oxygen. 

The  temperatures  were  higher  in  Mine  5  than  is  compatible  with 
the  best  working  efficiency.  The  chemical  analyses  disclosed  no 
high  carbon  dioxide  or  low  oxygen  percentages.  The  black  damp 
contained  6.7  to  13.8  per  cent  carbon  dioxide  and  86.2  to  93.3  per 
cent  nitrogen. 

Favorable  temperatures  were  found  in  Mines  6,  7,  8,  and  9.  The 
chemical  analyses  of  the  air  also  showed  good  conditions. 

Temperatures  in  Mine  10  were  not  so  good. 

Most  of  the  observed  temperatures  in  Mine  11  were  good.  There 
was  one  noteworthy  exception,  that  noted  at  the  time  of  taking  sam- 
ple 4438.    The  carbon  dioxide  content  was  also  high  in  that  sample. 
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Considerable  powder  smoke  was  present  at  some  places  where  sam- 
ples were  collected,  but  no  carbon  monoxide  that  might  have  re- 
mained in  the  air  after  the  shooting  was  foimd. 

Many  of  the  temperatures  observed  in  Mine  12  were  low.  Some 
exceeded  75°  F.,  wet  bulb.  The  carbon  dioxide  and  oxygen  contents 
in  some  of  the  samples  were  low,  especiaUy  in  samples  4463,  4464, 
and  4473.  Just  how  much  blasting  operations  affected  these  sam- 
ples is  problematical.  One  sample  (No.  4464),  collected  11  hoiu^ 
after  blasting,  contained  1.22  per  cent  carbon  dioxide  and  18.34  per 
cent  oxygen.  In  general  the  chemical  analyses  of  the  samples  from 
Mine  12  disclosed  higher  carbon  dioxide  and  lower  oxygen  contents 
than  in  the  samples  from  any  of  the  other  mines. 

The  temperatures  in  Mine  12  were  favorable. 

The  temperatures  observed  in  Mines  14  and  15  were  good.  Only  in 
Mine  12  were  samples  collected  that  contained  excessively  high  per- 
centages of  carbon  dioxide  or  excessively  low  percentages  of  oxygen. 

In  summing  up  conditions  in  these  metal  mines  it  can  be  said  that^ 
as  regards  the  chemical  analyses  of  the  samples  collected,  the  air,  on 
the  whole,  was  very  good.  Samples  collected  several  hours  after 
blasting,  and  when  men  were  mucking  out  their  places,  did  not  con- 
tain carbon  monoxide  from  the  blasting  operations.  Changes  in  the 
air  of  metal  mines  due  to  oxidation  are  not  as  rapid  as  in  coal  mines, 
in  spite  of  the  fact  that  immense  volumes  of  air  sweep  through  coal 
mines  as  compared  to  metal  mines,  where  the  ventilation  is  natural 
or  where  air  is  suppUed  from  compressed-air  lines. 

The  chief  trouble  lies  in  the  high  temperatures,  both  wet-bulb  and 
dry-bulb ;  also,  the  stagnation  of  the  air  encountered  in  many  places 
is  so  bad  as  to  be  detrimental  to  the  health  and  to  the  efficiency  of 
the  workmen. 

OBSERVATIONS    REGARDING   BLACK   DAMP   IN    CERTAIN    METAL    MINES* 

The  average  percentage  of  black  damp  in  certain  mines  and  the 
average  composition  of  the  black  damp  are  shown  in  the  following 
table: 


Average  percentage  and  average  composition  of  black  damp   in  certain  metal  mines. 


Mine  No. 


2  and  3. 

4 

6 

6 

U 

12 


Average 
per  cent  of 
black      '  — 
damp.     I 

I 


Composition  of  black 
damp. 


COt. 


Ni 


Per  cent. 

2.62 

8.4 

2.64 

7.4 

l.tiO 

10.9 

.71 

7.9 

2.78 

9.5 

5.76 

11.8 

Per  cent. 
91.6 
92.6 
89.1 
92.1 
90.5 
88.2 
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The  average  of  all  analyses  in  the  above  table  is  2.67  per  cent 
black  damp  with  a  composition  corresponding  to  9.3  per  cent  carbon 
dioxide  and  90.7  per  cent  nitrogen. 

The  average  composition  of  black  damp  in  metal  mines  is  about  the 
same  as  that  found  in  coal  mines.  A  difference  in  its  occurrence  in 
the  two  kinds  of  mines  lies  in  the  amount  that  can  be  produced  in  a 
given  time. 

If  coal  mines  depended  only  on  natural  ventilation  or  on  compressed 
air  from  pipes  at  working  places,  the  amount  of  black  damp  produced 
would  usually  exceed  far  more  than  it  does  that  produced  in  metal 
mines,  for  coal  reacts  with  oxygen  much  more  rapidly  than  do  most 
of  the  rocks,  wood,  etc.,  foxmd  in  metal  mines. 

STTMICABY. 

The  most  satisfactory  definition  of  the  term  ''black  damp"  is  an 
accumulation  of  carbon  dioxide  and  nitrogen  in  excess  of  the  per- 
centage found  in  pure  atmospheric  air. 

The  principal  factors  that  affect  the  changes  in  mine  air  are  (1)  the 
velocity  with  which  the  mine  air  traverser  the  mine  passages;  (2) 
the  amount  of  coal  with  which  it  comes  in  contact;  (3)  the  gaseous 
(methane)  nature  of  the  seam;  (4)  the  nature  of  the  coal  as  r^ards 
its  power  to  react  with  oxygen;  (5)  the  temperature  and  the  wetness 
of  the  mine. 

Carbon  dioxide  must  be  present  in  large  proportions  before  it 
threatens  life.  A  proportion  of  3  to  4  per  cent  of  carbon  dioxide  in 
air  affects  the  breathing  of  most  people.  Men  may,  however,  work 
for  a  long  time  in  such  an  atmosphere,  although  their  efficiency  as 
workmen  will  be  greatly  affected  and  they  will  become  fatigued 
quickly.  The  presence  in  air  of  as  little  as  1  or  2  per  cent  of  carbon 
dioxide  is  not  so  much  a  matter  of  safety  and  comfort  to  those  who 
breathe  it  as  it  is  of  their  efficiency  as  workmen. 

Distress  is  caused  in  some  people  when  the  oxygen  content  falls 
to  less  than  13-  per  cent.  Rapid  breathing  is  produced  much  more 
quickly  by  an  excess  of  carbon  dioxide  than  by  a  corresponding 
deficiency  of  oxygen.  The  important  point  to  remember  is  that 
rapid  breathing  caused  by  carbon  dioxide  starts  long  before  there  is 
any  serious  danger,  whereas  rapid  breathing  caused  by  a  deficiency 
of  oxygen  is  a  grave  symptom  and  points  urgently  to  serious  danger. 

By  acclimatization  people  live  the  year  round  at  high  altitudes 
where  the  air  has  an  oxygen  content,  by  weight,  that  is  the  same  as 
that  of  an  atmosphere  at  sea  level  containing  12  per  cent  oxygen  by 
volume.  People  unaccustomed  to  such  atmospheres,  if  suddenly 
plunged  into  them,  experience  severe  distress.  In  an  experiment 
conducted  by  the  authors  a  man  lost  consciousness  temporarily  when 
the  oxygen  content  of  an  atmosphere  he  breathed  fell  to  7  per  cent. 


SUMMARY.  79 

Mice  and  canaries  are  about  as  resistive  to  low-oxygen  atmos- 
pheres as  men;  hence  they  can  not  be  used  by  exploring  parties  to 
give  warning  of  atmospheres  that  are  dangerously  low  in  oxygen. 

An  excess  of  oxygen  or  a  diminution  of  oxygen  such  as  often  occurs 
in  many  mines,  if  present  in  buildings  above  ground  where  people 
congregate,  would  be  indicative  of  extremely  bad  ventilation.  How- 
ever, in  mines  having  such  an  excess  or  diminution  the  ventilation 
may  be  excellent.  In  most  buildings  above  ground,  the  problem  of 
good  ventilation  is  not  to  correct  a  diminished  content  of  oxygen  or 
an  increased  content  of  carbon  dioxide,  but  to  maintain  proper 
temperature  and  relative  hiraiidity,  and  to  keep  the  air  moving, 
although  the  presence  of  an  excessive  proportion  of  carbon  dioxide, 
more  than  0.1  or  0.2  per  cent,  may  be  a  reliable  indication  of  air  that 
will  produce  injurious  effects  on  men.  In  these  buildings  the  carbon 
dioxide  comes  chiefly  from  the  air  exhaled  by  the  persons  present, 
and,  if  fresh  air  is  not  admitted,  invariably  accompanies  bad  condi- 
tions such  as  stagnant  and  oppressive  air,  high  temperature,  and  fre- 
quently high  humidity.  In  coal  mines  the  carbon  dioxide  is  princi- 
pally from  the  action  of  the  oxygen  of  the  air  on  the  coal,  and  0.2  per 
cent  is  frequently  found  in  the  cool,  swiftly  moving  air  of  returns 
where  50,000  or  more  cubic  feet  of  air  is  passing  per  minute.  Hence, 
a  proportion  that  accompanies  good  conditions  of  ventilation  in  a 
coal  mine  may  indicate  extremely  poor  conditions  of  ventilation  in 
the  room  of  a  house. 

A  similar  statement  applies  to  oxygen.  The  oxygen  content  is 
scarcely  ever  normal  in  a  coal  mine,  owing  to  the  gas  being  absorbed 
by  the  coal;  in  fact,  a  diminution  of  1  per  cent  is  not  uncommon. 
Such  a  diminution  in  a  building  filled  with  people  would  be  accom- 
panied by  intolerable  conditions  of  ventilation.  However,  even  in 
coal  mines  the  oxygen  content  of  the  air  should  not  be  allowed  to 
become  too  low,  and  the  authors  beUeve  that  it  should  not  fall  below 
19  per  cent.  That  this  limit  can  easily  be  maintained  in  coal  mines 
is  indicated  by  many  mine-air  analyses  made  by  the  authors.  The 
maximum  percentage  of  carbon  dioxide  allowed  in  English  coal  mines 
is  1.25  percent. 

The  principal  cause  of  the  depletion  of  oxygen  in  coal-mine  air  and 
the  increase  of  carbon  dioxide  is  the  reaction  between  the  oxygen  of 
the  air  and  coal.  Some  of  the  oxygen  is  actually  held  dissolved  in  the 
coal  substance.  Part  of  the  oxygen  is  converted  into  water,  part 
into  carbon  dioxide,  and  part  (by  far  the  larger  part)  is  retained  as 
combined  oxygen  to  give  compounds  richer  in  oxygen  than  the  coal 
itself.     Part  of  the  carbon  dioxide  is  retained  by  the  coal. 

Explosive  proportions  of  methane  in  air  become  nonexplosive  when 
the  proportion  of  oxygen  in  the  atmosphere  falls  below  about  14  per 
cent.     Carbon  dioxide  has  only  a  slightly  greater  effect  in  reducing 
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the  explosibility  of  methane-air  mixtures  than  nitrogen  has;  for 
instance,  when  the  oxygen  is  kept  constant  at  20  per  cent,  part  of  the 
nitrogen  must  be  replaced  by  10  per  cent  of  carbon  dioxide  to  raise 
the  low  limit  for  methane  from  5.8  to  6.2  per  cent. 

The  specific  gravity  of  black  damp  varies  considerably  in  certain 
mixtures.  When  methane  is  present  the  combined  gases  may  be 
Ughter  than  air.  Great  caution  should  be  observed  when  one  detects 
an  accumulation  of  black  damp  of  lighter  density  than  air,  especially 
in  coal  mines  in  which  naked  Ughts  are  used,  as  this  lesser  density  is 
probably  due  to  the  presence  of  methane. 

Except  directly  over  a  fire  area  or  close  to  a  ntiine  fire,  a  large  pro- 
portion of  carbon  dioxide  (more  than  3  to  6  per  cent)  is  unusual  in 
the  air  of  a  coal  mine. 

An  oil-fed  flame  becomes  extinguished  when  the  oxygen  in  air  falls 
to  about  17  per  cent;  an  acetylene  flame  is  extinguished  when  the 
oxygen  falls  to  about  12  or  13  per  cent. 

Lack  of  oxygen  is  the  important  factor  in  extinguishing  lights. 
In  some  experiments  conducted  by  the  authors,  the  oxygen  content 
fell  to  16.3  per  cent  before  the  flame  became  extinguished,  but  the 
presence  of  10  per  cent  of  carbon  dioxide  raised  the  extinguishing 
percentage  of  oxygen  to  17.3. 

Atmospheres  that  do  not  contain  enough  oxygen  to  support  an  oil- 
fed  flame  (about  17  per  cent)  may  be  explosive  when  the  oxygen 
content  is  as  low  as  14  per  cent,  if  enough  methane  is  present. 

When  a  burning  part  of  a  mine  has  been  successfully  sealed  the 
composition  of  the  atmosphere  within  changes.  The  oxygen  decreases 
to  a  proportion  (probably  about  17  per  cent)  that  will  not  support 
flame;  ultimately  the  oxygen  content  becomes  so  small  that  the  rate 
of  combustion  is  extremely  low,  so  low  that  combustion  entirely 
ceases,  the  embers  cool,  and  the  admission  of  air  when  the  mine  is 
reopened  does  not  rekindle  them. 

In  1 11  samples  of  gas  from  29  mines  represented,  the  average  per- 
centage of  carbon  dioxide  in  the  black  damp  was  11.5  per  cent,  and 
the  average  percentage  of  nitrogen  89.5  per  cent. 

In  6  mines  of  22  examined  the  temperature  was  higher  than  it 
should  be  (75°  F.,  wet  bulb)  under  the  best  ventilating  conditions. 

Analyses  of  a  large  number  of  samples,  show  how  mine  air  changes 
as  it  traverses  the  workings.  The  average  composition  of  the  black 
damp  was  9.2  per  cent  carbon  dioxide  and  90.8  per  cent  nitrogen. 
Except  for  two  or  three  samples,  in  which  carbon  dioxide  was  high 
and  the  oxygen  low,  the  quality  of  the  air  was  good. 

As  regards  the  unfavorable  effect  of  black  damp  on  men,  on  lights, 
and  on  the  explosibility  of  methane-air  mixtures,  the  diminution  of 
oxygen  in  the  atmosphere,  resulting  in  the  formation  of  more  nitrogen, 
is  mainly  responsible.     The  presence  of  carbon  dioxide  is  far  less 
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important;  hence  the  objection  to  making  the  terms  "black  damp" 
and  "carbon  dioxide"  synonymous. 

Many  of  the  mines  of  the  Cripple  Creek  region  are  menaced  with 
gas  that  is  loosely  held  in  the  rock  strata  and  that  issues  at  times  into 
the  mines,  so  that  workmen  can  not  enter  certain  drifts  and  occasion- 
ally a  whole  mine. 

This  gas,  according  to  lingren  and  Ransome,  is  of  deep-seated 
origin  and  probably  represents  the  last  exhalations  of  the  extinct 
Cripple  Creek  volcano.  It  contains  about  14  per  cent  carbon  dioxide 
and  86  per  cent  nitrogen.  The  gas  is  confined  in  the  rock  strata 
under  very  low  pressm-e,  so  that  changes  in  outside  atmospheric 
pressm-es  affect  its  outflow. 

A  limited  number  of  observations  made  by  the  authors  indicate 
that  the  direction  of  the  wind  influences  the  outflow  of  the  gas. 

Data  regarding  ventilation  conditions  in  15  metal  mines  other  than 
the  Cripple  Creek  mines  are  shown.  The  average  percentage  of  black 
damp  found  in  these  mines  was  2.67  per  cent.  The  average  composi- 
tion of  the  black  damp  was  9.3  per  cent  carbon  dioxide  and  90.7  per 
cent  nitrogen,  or  about  the  same  as  that  found  in  coal  mines.  In 
general,  the  composition  of  the  air  in  these  metal  mines,  as  shown 
by  the  carbon  dioxide  and  oxygen  content,  were  good.  Difficulty  is 
experienced,  however,  in  keeping  down  the  wet  and  the  dry  bulb 
temperature.  In  many  cases  the  temperatures  were  so  high  as  to  be 
detrimental  to  health. 
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PREFACE. 


In  1914  an  i^eement  was  entered  into,  between  the  United  States 
Geological  Survey,  the  United  States  Bureau  of  Standards^  and  the 
Bureau  of  Mines,  for  a  cooperative  study  of  the  building-stone 
industry  of  the  country.  In  general,  this  agreement  provided  that  the 
Geological  Survey  should  study  the  data,  compare  the  classification, 
extent,  and  geology  of  undeveloped  and  quarried  deposits  of  stone 
and  collect  statistical  information  on  production  and  value  of  output; 
that  the  Bureau  of  Standards  shoidd  undertake  all  the  physical  and 
chemical  tests  required  for  determining  the  value  of  stone  for  struc- 
tural purposes,  or  as  aggregate  for  concrete,  and  that  the  Bureau  of 
Mines  shoidd  investigate  all  mining  and  technologic  data,  with  special 
reference  to  safety,  efiiciency  of  operation,  and  prevention  of  waste. 
The  general  object  of  the  cooperative  agreement  was  to  obtain 
comprehensive  data  on  the  occurrence,  quality,  and  methods  of 
preparation  for  the  market  of  the  various  building  stones  of  the 
United  States.  By  agreement  the  work  was  begun  with  an  investi- 
gation of  the  marble-quarrying  industry. 

The  Bureau  of  Mines  was  fortunate  in  procuring  for  its  share  of  the 
work  the  services  of  Mr.  Oliver  Bowles  who  had  had  experience 
in  examining  and  describing  quarries  in  Minnesota. 

During  1914  Mr.  Bowles  personally  visited  64  active  marble 
quarries.  Through  the  cooperation  of  quarry  owners  numerous 
representative  samples  of  the  marbles  of  the  United  States  were 
obtained  and  shipped  to  the  Bureau  of  Standards  for  testing.  The 
results  of  these  tests  will  appear  in  due  time.  The  description  of  the 
investigations  of  quarry  methods  and  the  general  technology  of 
marble  are  published  herewith. 

The  aim  of  this  bulletin  is  to  present  to  the  marble  workers  of  the 
United  States  a  concise  statement  of  the  most  efficient  and  economical 
methods  now  in  use  for  producing  and  preparing  marble.  '  Progres- 
sive quarrymen  realize  the  value  of  observing  the  methods  employed 
by  others  in  similar  work,  and  it  is  hoped  that  the  summary  here 
presented  wiU  prove  of  use  in  their  operations  and  will  save  them  the 
inconvenience  and  expense  of  extensive  travel  to  obtain  such  infor- 
mation for  themselves. 

The  observations  outlined  refer  chiefly  to  the  methods  employed 
in  the  quarrying  of  marble  and  the  conditions  that  affect  successful 
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operation;  the  stnicture  of  marble  and  its  relation  to  quarry  proces- 
ses ;  waste  through  rock  imperfections  and  inefficient  quarry  methods; 
and  means  of  eliminating  such  waste  or  utilizing  it  if  elimination  is 
impossible.  No  attempt  has  been  made  to  describe  in  detail  all 
.  apparatus  and  equipment  used  in  quarry  operations,  but  special 
apparatus  and  any  improvements  or  special  designs  tending  toward 
increased  efficiency  are  dealt  with  particidarly. 

Mr.  Bowles  has  pointed  out  especially  the  great  need  of  better 
systems  of  cost  keeping  as  a  means  of  keeping  check  on  all  unnecessary 
expense  and  as  a  means  of  testing  the  efficiency  of  methods  and 
machines  used  in  quarry  operations.  The  importance  of  this  feature 
can  not  be  unduly  magnified. 

There  is  also  pointed  out  a  method  for  relieving  earth  pressure  in 
certain  quarries  particularly  subject  to  natural  strains.  This  method 
promises  to  eliminate  many  of  the  fractures  that  constitute  a  prolific 
source  of  waste  in  quarry  operations. 

Operators  of  structural  limestone  quarries  will  find  that  many  of 
their  problems  are  discussed  in  this  bulletin,  as  the  methods  and 
machinery  they  employ  are  similar  to  those  used  in  quarrying  marble. 
A  more  extended  investigation  of  the  particular  problems  of  structural 
limestone  and  all  odier  phases  of  limestone  quarrying  is  contemplated. 

Acknowledgment  is  made  of  many  helpfid  suggestions  received 
during  the  preparation  of  this  bulletin.  Too  much  emphasis  can  not 
be  placed  upon  the  valuable  assistance  rendered  by  Maj.  J.  S.  Sewell, 
general  manager  of  the  Alabama  Marble  Co.  His  technical  training, 
combined  with  practical  experience,  fitted  him  peculiarly  for  supply- 
ing just  such  information  as  the  bureau  desired  and  this  information 
he  imparted  freely. 

Others  to  whom  acknowledgment  is  due  are  George  R.  Taylor, 
Marble,  Colo.;  J.  P.  McCluskey,  Gantts  Quarry,  Ala.;  A.  W.  Edson, 
Proctor,  Vt.;  John  Eem  and  B.  L.  Pease,  EnoxviQe,  Tenn.;  Prof. 
C.  H.  Gordon,  University  of  Tennessee;  Prof.  F.  J.  Alway,  University 
Farm,  St.  Paul,  Minn. 

The  bureau  desires  to  express  its  appreciation  of  the  cordial  treat- 
ment extended  by  qtiarrymen  to  its  representative  and  the  spirit  of 
cooperation  almost  universally  in  evidence. 

Charles  L.  Pabsoks, 
Chiefs  Division  of  Mineral  Technology. 


THE  TECHNOLOGY  OF  MARBLE  QUARRYING. 


By  Olivbe  Bowles. 


MARBLE  IS  GENERAL. 

DEFINITION  OF  MARBLE. 

In  its  geologic  sense  the  tenn  marble  is  applied  to  rocks  consisting 
of  crystallized  grains  of  calcite  or  dolomite  or  a  mixture  of  the  two. 
Although  limestone  has  the  same  chemical  composition  as  marble  it 
differs  in  that  the  component  particles  of  calcium  or  magnesium  car- 
bonates are  granular  and  noncrystalline.  In  marble  the  crystals 
may  be  intimately  intergrown,  whereas  limestone  is  an  aggregation 
of  unrelated  particles  cemented  together  into  a  solid  mass. 

In  its  commercial  sense  the  term  marble  has  a  much  wider  applica- 
tion. As  susceptibility  to  polish  is  one  of  its  chief  commercial  assets, 
all  calcareous  rocks  capable  of  polish  are  classed  as  marbles.  Lime- 
stones that  show  httle  crystalline  structure  may,  if  they  take  a  good 
polish,  be  classed  as  marbles.  Furthermore,  serpentine  rocks,  even 
if  they  contain  httle  calcium  or  magnesium  carbonate,  are  classed  as 
marbles,  as  they  are  commercial  substitutes  of  true  marbles. 

COMPOSITION  OF  MARBLE. 

Aside  from  serpentiae  and  other  extraordinary  varieties,  marble  is 
made  up  almost  entirely  of  calcium  or  magnesium  carbonates.  A 
calcite  marble  may  consist  of  96  to  99  per  cent  calcium  carbonate. 
A  dolomite  marble,  if  impurities  are  disregarded,  contains  approxi- 
mately 54  per  cent  calciimi  carbonate  and  46  per  cent  magnesium 
carbonate.  Marbles  consistiag  of  mixtures  of  calcite  and  dolomite 
may  have  compositions  anywhere  between  these  two  extremes.  The 
extremes  may  be  illustrated  by  examples  mentioned  by  Dale.*  Mar- 
ble quarried  near  Proctor,  Vt.,  contained  98.37  per  cent  calcium 
carbonate,  and  a  dolomite  marble  from  Lee,  Mass.,  contained  54.05 
per  cent  calcium  carbonate  and  45.93  per  cent  magnesium  carbonate. 
An  intermediate  type  is  represented  by  the  crystalline  magnesium 
limestone  of  Tuckahoe,  N.  Y.,  which  contained  70.1  per  cent  calcimn 
carbonate  and  25.40  per  cent  magnesium  carbonate.^ 

a  Dale,  T.  N.,  The  oommercial  marbles  of  western  Vermont;  U.  S.  Oeol.  Survey  Bull.  621, 1912,  p.  13. 
b  Kemp,  J.  F.,  A  handbook  of  rocks,  1906,  p.  138. 
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A  varying  percentage  of  chemical  impurities  is  present  in  prac- 
tically all  marbles.  The  more  common  of  these  are  silica  (SiO,), 
iron  oxides  (FeO  and  F,Ot),  manganese  oxide  (MnO),  alumina  (Al,Os), 
and  sulphur;  less  conmion  are  minute  quantities  of  the  oxides  of 
titanium,  potash,  sodimn,  lithium,  and  phosphorus*  Organic  matt^ 
is  commonly  present. 

The  impurities  of  marble  are  present  in  the  form  of  grains  of 
definite  minerals.  In  some  specimens  the  individual  grains  may  be 
too  minute  to  be  recognizable  with  the  naked  eye,  and  in  others  they 
may  attain  considerable  size.  The  more  common  mineral  impurities 
are  quartz  (or  some  other  form  of  silica,  such  as  chert  or  flint),  hema- 
tite, limonite,  graphite,  mica,  chlorite,  tremohte,  woUastonite,  diop- 
side,  hornblende,  tourmaline,  pyrite,  or  marcasite.  In  the  marbles 
of  southern  Ontario,  Parks  ^  notes  the  occurrence  of  37  minerals 
that  have  been  formed  by  metamorphic  processes  acting  on  the 
impurities  of  the  original  limestone.  The  more  conmion  are  quartz 
or  some  other  form  of  siUcon  dioxide,  pyrite,  marcasite,  mica,  or 
chlorite. 

Most  marbles  of  commercial  value  contain  small  percentages  of 
impurities. 

O&IOIN  OF  MABBLE. 
FOBMATION  OF  THE  OBIOIXAL  LIMESTONB. 

Marble  is  derived  from  beds  of  limestone.  The  latter  are  formed  in 
the  sea,  mainly  as  accimiulations  of  calcareous  remains  of  marine 
organisms,  such  as  corals,  rhizopods,  and  algffi.  Water  containing 
carbon  dioxide  is  capable  of  dissolving  calciimi  carbonate  from  the 
rocks  through  or  over  which  it  flows,  and  in  consequence  the  water 
of  rivers  is  chaiged  with  lime  carbonate  as  it  enters  the  ocean. 
Thus  a  supply  of  dissolved  calcimn  carbonate  is  always  at  hand 
from  which  the  organisms  may  manufacture  their  shells.  Countless 
generations  live  and  die  and  as  a  consequence  the  calcareous  accu- 
mulation may  be  of  vast  extent.  In  places,  the  chemical  precipita- 
tion of  calcium  carbonate  may  add  to  this  accumulation. 

There  is  abundant  evidence  that  many  limestones  are  of  oi^anic 
origin,  as  some  of  them  are  merely  a^regates  of  fairly  well  preserved 
shells.  In  most  specimens,  however,  a  few  fragmentary  shells  only 
remain  in  recognizable  form,  all  others,  through  the  beating  of  the 
waves  or  other  activities,  having  been  broken  into  minute  fragments. 

By  pressure  of  superincumbent  material  and  by  deposition  of 
some  form  of  cement  in  the  intergranular  spaces  the  mass  is  later 
consohdated  as  a  firm  and  coherent  rock  which  is  termed  ^'limestone." 
Beds  hundreds  and  even  thousands  of  feet  in  thickness  have*  been 
formed  by  such  processes. 

a  Parks,  W.  A.,  R«port  on  the  building  and  ornamental  stones  of  Canada,  voL  1, 1912,  p.  307. 
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METAMOBFHISM  OF   LIMESTONE. 

Marble  is  regarded  as  being  the  product  of  the  metamorphism  of 
limestone  beds.  That  granular  noncrystalline  limestone  can  be 
changed  into  crystalline  limestone  or  marble  has  been  proven  in 
the  laboratory,  as  shown  by  Clarke.*  From  the  results  of  various 
experiments  he  concludes  that  pressure  alone,  heat  alone,  or  both 
together  may  result  in  the  recrystallization.  It  is  probable  that 
the  presence  of  water  assists  the  process.  Marble  may  therefore 
result  from  great  pressure  exerted  on  the  strata  by  folding,  or  by 
heat  produced  from  an  igneous  intrusion,  or  botii  agencies  may 
work  in  conjunction.  Recrystallization  as  a  result  of  igneous 
intrusion  has  been  observed  by  several  authors.* 

ORIGIN   OF   ONYX   MARBLES. 

Onyx  marbles  have  a  history  rather  distinct  from  that  of  the 
true  marbles.  Although  consisting  essentially  of  calcium  carbonate, 
they  are  purely  chemical  deposits  and  have  not  resulted  from  the 
metamorphism  of  preexistuig  limestone  beds.  As  pointed  out  by 
MerriD,*  who  gives  a  lengthy  discussion  of  their  origin  and  occur- 
rence, they  are  of  two  types.  One  is  a  product  of  precipitation 
from  hot  springs,  a  travertine;  the  other  is  a  deposit  from  cold- 
water  solutions  in  limestone  caves.  Most  deposits  of  onyx  are  formed 
in  successive  layers.  Impurities  such  as  iron  and  manganese  oxides 
may  be  present  in  varying  amoxmts  in  successive  layers,  and  thus  a 
beautiful  banding  may  result.  From  the  nature  of  their  formation 
onyx  deposits  are  necessarily  limited  in  extent  as  compared  with 
deposits  of  true  marbles. 

ORIGIN   OF  VERB  ANTIQUE. 

Verd  antique  or  serpentine  marble  is  in  no  respect  comparable 
with  true  marble  either  in  composition  or  in  origin.  Serpentine  is  in 
general  derived  from  the  alteration  of  basic  igneous  rocks  such  as 
the  peridotites,  which  are  rich  in  olivine  and  pyroxenes,  or  from 
magnesium  sUicate  rocks  formed  by  the  metamorphism  of  lime- 
stone. The  process  is  accompanied  by  hydration,  with  an  addition 
of  13  to  14  per  cent  of  water.  The  movement  occasioned  by  the 
swelling  that  results  probably  accounts  for  most  of  the  unsoundness 
common  to  verd  antique. 

a  Clarke,  F.  W.,  The  dftta  of  geochemistry:  U.  8.  Oeol.  Survey  Bull.  491, 1911,  pp.  £31-532. 

b  Reowick,  W.  G. ,  Marble  and  marble  working,  1909,  p.  4;  Conybeare,  W.,  Descriptive  notes  on  the  north* 

0t  coast  of  Ireland.    Trans.  OeoL  Soc.  London,  vol.  8, 1816,  p.  210. 

e  Meirlll,  O.  P.,  Stones  for  building  find  decoration,  1903,  pp.  242-290. 
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PHYSICAL  PBOPEBTIB8  OF  2CABBLE. 

HARDNESS. 

Hardness  may  be  defined  as  the  resistance  that  the  surface  of  a 
substance  offers  to  abrasion.  The  hardness  of  calcite  is  given  as  3 
in  Moh's  scale,  and  that  of  dolomite  as  3.5  to  4,  whereas  that  of  glass 
is  about  5.  The  hardness  of  a  marble  as  a  whole  may  be  different 
from  that  of  the  individual  grains  that  compose  it.  The  hardness 
is  influenced  by  the  degree  of  cohesion  between  the  grains.  Most 
fine-grained,  compact  marbles  are  harder  than  coarse-grained  varie- 
ties. Some  marbles  are  remarkably  hard  even  if  no  silica  or  other 
excessively  hard  impurities  are  present.  Hardness  of  the  mass  as  a 
whole  is  an  indication  of  ''workability/'  and  is  an  important  prop- 
erty,  as  the  cost  of  quarrying  marbles  that  are  worked  slowly  by 
tools  is  much  higher  than  the  cost  of  quarrying  those  easily  worked. 
Although  the  cost  of  quarrying  hard  marble  may  be  high,  the  hard- 
ness is  a  valuable  property  if  the  material  is  to  be  exposed  to  abrasion. 

High  resistance  to  abrasion  is  desirable  in  marbles  that  are  to  be 
used  for  sills,  steps,  or  floor  tile,  all  of  which  are  exposed  to  the  fric- 
tion of  the  feet  of  pedestrians.  Marble  employed  for  such  uses 
should  be  hard,  and  imiformity  in  hardness  is  desirable;  otherwise 
the  surface  will  soon  become  uneven.  In  constructing  floor  patterns 
of  different  marbles,  it  is  important  that  the  several  varieties  should 
be  equally  resistant  to  abrasion,  as  otherwise  the  floor  will  eventually 
become  xmeven.  This  condition  may  be  observed  in  the  floor  of  the 
Union  Station  at  Washington,  D.  C,  where  the  white  tiles  of 
Vermont  marble,  after  eight  yearsr'  use,  are  in  places  worn  down  nearly 
half  an  inch  lower  than  the  small  squares  of  harder  material  from 
Swanton,  Vt. 

A  second  agent  of  abrasion  is  wind.  Wind  polish  of  a  pronoimced 
character  has  been  observed  on  rocks  much  harder  than  marble. 
The  Sioux  quartzite  of  southwestern  Minnesota,  a  rock  that  is  prob- 
ably harder  than  any  other  in  the  United  States  used  for  building 
purposes,  has  been  so  wind  worn  that  comers  have  been  rounded 
and  the  exposed  surfaces  have  been  given  a  glassy  polish.  Dust  and 
sand  carried  by  the  wind  on  city  streets  tend  slowly  to  wear  away 
surfaces,  mainly  by  removing  insecure  grains  and  thus  exposing 
fresh  surfaces  to  the  agencies  of  weathering.  The  effects  are  most 
pronounced  on  corners  and  in  narrow  spaces  between  buildings 
where  the  force  of  the  wind  is  concentrated.  Egleston  ^  states  that 
in  New  York  City  many  tombstones  that  face  the  prevailing  winds 
are  so  worn  that  inscriptions  are  almost  illegible. 

a  Egleston,  J.,  The  cause  and  prevention  of  decay  in  building  stones:  Am.  Architect,  voL  18,  September  5, 

1385,  p.  ua. 
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SPECIFIC   GRAVITY   AND   WEIGHT   PER   CUBIC   FOOT. 

The  specific  gravity  of  a  substance  is  its  weight  compared  with  the 
weight  of  an  equal  volume  of  water.  The  specific  gravity  of  calcite 
is  2.7  and  that  of  dolomite  about  2.9.  Consequently,  dolomite 
marbles  are  heavier  than  calcite  marbles.  It  is  f oimd  that  the  actual 
weight  per  cubic  foot  of  a  block  of  marble  differs  more  or  less  from 
its  theoretical  weight  calculated  from  the  specific  gravity  of  the  con- 
stituent minerals.  A  porous  rock  of  given  volume  will  be  lighter  than 
an  equal  volume  of  similar  material  that  is  nonporous.  In  most 
marbles  the  pore  space  is  small,  and  the  actual  weight  does  not  differ 
greatly  from  that  calculated  from  the  specific  gravity. 

The  specific  gravity  of  a  compact  homogeneous  substance  hav- 
ing no  pore  space  may  be  determined  in  a  simple  manner,  as  follows: 
A  thoroughly  dried  specimen  is  suspended  from  a  balance  by  a  thread 
and  weighed  in  the  air.  It  is  then  weighed  while  immersed  in  water. 
On  accoxmt  of  the  buoying  up  of  the  water  it  will  weigh  less  while 
immersed.  The  loss  in  weight  when  immersed  is  the  weight  of  a 
quantity  of  water  equal  in  volume  to  the  substance  immersed.  The 
specific  gravity  is,  therefore,  the  weight  of  the  substance  in  air 
divided  by  its  loss  in  weight  when  immersed  in  water,  as  expresed 

A 
by    the  formula  -r — ^,  in  which  A  represents  the  weight  of  the 

substance  in  air,  and  B  represents  the  weight  of  the  substance  when 
immersed  m  water. 

An  accurate  determination  of  the  specific  gravity  of  a  marble  is, 
however,  a  less  simple  matter,  on  account  of  the  pore  space  involved. 
In  order  to  determine  specific  gravity  accurately  the  pore  space 
must  be  eliminated.  This  may  be  accomplished  by  the  following 
procedure:  Dry  the  rock  specimen  at  110®  C.  until  all  the  moisture 
has  been  driven  from  the  pores;  then  determine  the  dry  weight.  Next 
completely  fill  the  pores  with  water,  as  by  soakuig  the  blocks  in  water 
for  several  weeks.  Buckley,"  accomplished  the  desired  result  by 
boiling  the  specimens  for  36  hours  under  the  receiver  of  an  air  pump 
that  reduced  the  pressure  to  one-twelfth  of  an  atmosphere.  By  such 
means  the  removal  of  air  from  all  the  pores  may  be  facilitated.  With 
the  pores  thus  filled  with  water,  weigh  the  specimen  when  immersed 
in  water  and  determine  the  specific  gravity  as  described  above. 

A  more  accurate  method  if  care  is  exercised  is  to  eUminato  the 
pores  by  grinding  the  rock  to  a  fine  powder,  and  to  determine  the 
specific  gravity  of  the  powder.  This  may  be  done  by  means  of  a 
specific  gravity  bottle,  with  an  accurately  ground  stopper  that 
projects  upward  as  a  hollow  tube  of  small  diameter.     The  bottle  is 

a  Buckley,  E.  R.,  Building  and  ornamental  stones  of  Wisconsin:    Wisconsin  Geol.  and  Nat.  Hist.  Survey 
Bull.4»1806»pp.66-«7. 

16207°— Bull.  10()— 16 2 
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dried  carefully  and  weighed.  It  is  then  filled  with  distilled  water 
exactly  to  the  top  of  the  capillary  tube  and  weighed  again.  Ordi- 
narily the  next  step  is  to  thoroughly  dry  the  bottle,  place  within  it 
a  part  of  the  finely  powdered  rock,  and  weigh.  The  diflference 
between  this  weight  and  that  of  the  empty  bottle  is  the  weight  of 
rock  taken.  The  rock  powder  is  retained  in  the  bottle,  which  is  then 
filled  with  water  and  weighed  again. 

Certain  mechanical  difficulties  make  desirable  a  modification  of 
the  last  two  steps.  Considerable  time  is  required  to  thoroughly  dry 
the  narrow-necked  bottle.  After  the  dry  mineral  has  been  weighed 
and  the  bottle  filled  with  water,  it  is  difficult  to  prevent  small  particles 
from  floating  to  the  surface  and  flowing  away  with  the  superfluous 
water  when  the  stopper  is  inserted.  This  small  error  may  be  avoided 
by  reversing  the  last  two  steps.  When  the  bottle  full  of  water  is 
weighed,  the  bulk  of  the  water  may  be  thrown  out,  the  rock  powder 
poured  in,  and  enough  water  added  to  completely  immerse  it.  After 
all  bubbles  have  been  removed  the  bottle  may  be  filled  with  water  to 
the  top  of  the  capillary  tube  as  before  and  weighed.  The  loss  of  any 
fine  particles  during  the  process  of  filling  and  inserting  the  stopper 
does  not  affect  the  result,  as  the  weighing  is  done  subsequently. 
After  the  weighing  has  been  completed,  if  the  powder  is  thoroughly 
settled,  and  the  water  above  it  clear,  most  of  the  water  may  be  care- 
fully drawn  off  with  a  pipette.  The  remainder  may  be  evaporated 
in  a  hot  air  bath,  and  the  drying  continued  imtil  the  weight  is  constant. 
Thus  the  weight  of  the  bottle  containing  the  dry  rock  powder  is  the 
last  figure  obtained. 

Example. 

If  X    =  weight  of  dry  bottle 

Y    s^weight  of  bottle  full  of  water 

Z    =weight  of  bottle  containing  powdered  rock  and  filled  with  water 
and  A    =weight  of  dry  bottle  and  powdered  rock 
then  A— X=the  weight  of  the  rock  employed=W. 

The  sum  of  W  and  Y  gives  the  total  weight  of  rock,  bottle,  and  water  w^hen  none 

of  the  water  la  displaced.     When  the  mineral  is  placed  in  the  bottle  and  its  volume 

of  water  is  displaced  the  weight  Z  results.     Therefore  the  weight  of  water  displaced 

W 
by  the  rock  is  Y+W— Z=M.    The  specific  gravity  is  therefore  ^. 

Marbles  range  hi  actual  weight  from  166  to  180  pounds  per  cubic 
foot.  The  economic  significance  of  weight  is  chiefly  in  connection 
with  the  necessary  strength  of  equipment  for  handling  and  freight 
charges  for  transportation.  By  knowing  the  average  weight  per 
cubic  foot  the  quarryman  may  measure  a  block  and  calculate  its 
weight  with  reasonable  accuracy.  He  is  thus  enabled  to  judge  the 
risk  involved  in  handling  it  with  any  given  equipment.  Marble  is  a 
heavy  structural  material,  and  the  necessary  transportation  charges 
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must  be  carefully  considered  when  bidding  on  contracts  at  a  distance 
from  the  point  of  production. 

SOLUBILTIY. 

Calcium  and  magnesium  carbonates  are  practically  insoluble  in 
pure  water.  Certain  dissolved  gases,  notably  carbonic  acid  gas, 
which  are  present  in  surface  water  in  small  proportions,  render  the 
water  capable  of  dissolving  the  carbonates  to  a  Hmited  degree. 
Marbles  exposed  to  the  weather  are  therefore  slowly  dissolved. 
Although  the  process  is  slow,  its  eflPects  may  be  considerable  when 
long  periods  of  time  are  involved.  That  marbles  are  more  soluble 
than  rocks  consisting  of  silicate  minerals  is  demonstrated  in  nature. 
Most  marble  deposits  in  humid  regions  are  found  in  valleys  formed 
by  the  more  rapid  erosion  of  the  marble  belts  than  of  the  bordering 
siliceous  rocks. 

The  rate  of  solution  is  variable  in  diflFerent  marbles.  It  depends 
on  the  chemical  composition,  texture,  and  porosity  of  the  marble, 
the  climate  of  the  region,  and  the  nature  of  the  atmosphere.  Near 
large  cities  various  acids  from  smoke  abound  in  the  air  and  are 
taken  up  by  rain  water,  thus  increasing  its  power  of  solution.  If  a 
rock  is  permeable  it  dissolves  more  rapidly  than  if  impervious. 
Calcite  dissolves  more  rapidly  than  dolomite  under  the  same  given 
conditions  if  the  texture  of  each  is  similar,  but  the  tendency  for 
dolomite  to  occur  with  granular  texture  usually  reverses  the  order 
of  their  solubility.  The  solubihty  of  marble  deserves  careful  con- 
sideration if  its  use  for  exterior  purposes  is  contemplated. 

COLOR. 

The  color  of  a  marble  is  one  of  its  most  important  physical  prop- 
erties. It  is  governed  by  the  nature  of  the  constituents.  Marbles 
consisting  of  pure  calcite  or  dolomite  are  white  because  these  minerals 
are  white.  A  serpentine  marble  is  green  because  the  prevailing 
mineral,  serpentine,  is  green.  Variations  from  the  white  color  of  a 
pure  marble  are  due  to  admixtures  of  foreign  substances.  Such 
impiuities  may  be  imiformly  distributed  and  thus  give  a  uniform 
coloration,  or  they  may  be  present  in  bands  or  streaks,  giving  clouded 
or  otherwise  nonuniform  colors.  Examples  of  nonuniform  color 
distribution  are  the  "Pocahontas''  marble  of  Alabama,  the  varie- 
gated marbles  of  Vermont,  and  the  "crow  foot*'  structure,  irregular 
dark  lines,  characteristic  of  the  Tennessee  deposits. 

The  causes  of  some  colors  in  marbles  are  easily  determined.  The 
black  and  grayish  shades  are  to  be  attributed  to  carbon,  which  is 
usually  present  as  fine  scales  of  graphite  though  amorphous  in  the 
"crow  foot"   of  Tennessee  marble.     Red,  pink,  or  reddish-brown 
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shades  are  due  to  the  presence  of  manganese  oxides  (MnO)  and 
(MnjOj)  or  to  hematite  (FjO,).  Yellow-brown,  yellow,  or  cream  colors 
are  caused  by  minute  grains  of  the  hydrous  oxide  of  iron,  limonite 
(2Fe,Os3H20).  Dale*  attributes  the  green  color  of  certain  Vermont 
marbles  to  the  presence  of  sericite  (fibrous  potash  mica),  and  the 
purplish  tint  of  one  of  the  dolomites  of  the  Lake  Champlain  region 
to  a  mixture  of  hematite  and  magnetite.  Referring  to  some  of  the 
less  common  colors,  Dale  comments  as  follows: 

The  more  uncommon  colors  of  marble  are  purpliBh,  as  in  the  Pavonaszo  and 
Seravezza  breccias  imported  from  Italy,  bright  yellow,  as  in  the  "Giallo  Antico'' 
from  North  Africa,  and  orange  yellow,  as  in  some  marbles  from  Norway.  Among  the 
uncommon  combinations  of  colors  is  that  of  rose-pink  and  deep  green  in  the  "Leifset 
Gloire  "  from  Norway. 

The  same  author  states  ^  that  the  dolomite  of  Hancock  and  Mount 
Tabor,  Vt.,  owes  its  buff  color  to  the  presence  of  siderite.  Vogt  ^ 
attributes  the  sky-blue,  red,  and  orange  tints  of  some  Norwegian 
marbles  to  organic  compoimds.  The  ''golden  vein''  of  the  Colorado- 
Yule  marble  is  thought  to  be  caused  by  the  permeation  of  solutions 
bearing  manganese  or  iron  oxides.  The  green  bands  in  certain  parts 
of  the  same  quarry  are,  according  to  Merrill,**  caused  by  the  presence 
of  chrome-mica.  Parks  ^  describes  green  marbles  in  Ontario  in 
which  the  color  is  due  to  needles  of  light-green  actinolite.  The 
pink  color  of  one  marble  he  attributes  to  ''scattered  flakes  of  brown- 
ish glistening  mica."  He  states  that  brown  colors  are  in  many 
instances  due  to  the  presence  of  mica.  He  refers  also^  to  a  marble 
having  gray  dots  due  in  part  to  some  crystals  being  clear  and  others 
milky,  and  in  part  to  the  presence  of  fine  graphite.  The  dear 
crystals  are  dolomite,  and  the  milky  crystals  calcite.  Solution 
emphasizes  the  dotted  effect. 

For  certain  purposes,  it  is  desirable  to  have  a  distinct  contrast 
between  chiseled  and  polished  surfaces.  Such  a  contrast  is  especially 
desirable  in  headstones  on  which  inscriptions  are  cut.  The  contrast 
is  usually  more  pronounced  in  the  colored,  and  less  marked  in  the 
white  marbles.  A  chiseled  surface  is  opaque  and  somewhat  granular, 
and  reflects  rather  than  absorbs  the  light.  Hence  it  tends  to  appear 
white  or  light  colored  even  if  the  stone  is  dark.  When  a  face  is 
polished  the  reflecting  surfaces  are  removed,  permitting  the  light 

a  Dale,  T.  N.,  The  oommercial  marbles  of  western  Vermont:  U.  8.  Geol.  Survey  BulL  521, 1912,  p.  20. 
b  Dale,  T.  N.,  The  calcite  marble  and  dolomite  of  eastern  Vermont:  U.  S.  Geol.  Survey  BolL  589, 1915, 
p.  54. 
c  Vogt,  J.  H.  L.,  Norsk  marmor,  Krlstiania,  1897,  p.  354. 
d  Merrill,  O.  P.,  A  report  on  the  Colorado- Yule  marble  properties,  1914,  p.  10. 
e  Parks,  W.  A.,  Report  on  the  building  and  ornamental  stones  of  Canada,  vol.  1, 1912,  pp.  333-321. 
/  Parks,  W.  A.,  Op.  cit.,  p.  329. 
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to  enter  the  crystals  and  be  absorbed,  causing  the  polished  surface 
to  appear  much  darker  than  the  chiseled  surface. 

TRANSLUCENCE. 

Marbles  differ  greatly  in  their  capacity  for  transmitting  light. 
The  more  translucent  varieties,  if  fine  grained,  are  best  adapted  for 
novelties  or  other  ornamental  purposes.  Some  marbles  are  waxy 
in  appearance,  and  this  property  seems  to  be  related  to  translucence. 
Dale**  gives  the  depths  to  which  certain  foreign  marbles  will  admit 
light.  They  are  as  follows:  Best  Pentelicon,  0.59  inch;  Parian,  1.37 
inches;  Carrara  statuary,  1.18  to  1.57  inches.  The  reputation  of 
some  marbles  depends  greatly  upon  this  quality.  As  far  as  is  known 
no  figures  have  been  obtained  for  the  depth  of  light  penetration  into 
American  marbles.  Certain  beds  of  Alabama  marble  are  notably 
translucent.  The  same  quality  has  been  observed  in  marbles  from 
Massachusetts,  Vermont,  and  Colorado.  Certain  modes  of  artificial 
treatment  are  known  to  increase  the  translucence  of  marble.  Usually 
the  effects  of  such  treatment  are  far  less  permanent  than  the  material 
itself,  and  consequently  are  not  to  be  recommended. 

TEXTURE. 

The  grains  of  calcite  and  dolomite  that  make  up  a  marble  mass  are 
crystalline  and  have  a  definite  rhombohedral  cleavage.  They  are 
mostly  twinned.  Both  the  cleavage  and  the  twinning  of  each  grain 
are  independent  as  relating  to  other  grains.  The  texture  is  usually 
about  the  same  in  all  directions,  though  in  some  marbles  an  elonga- 
tion of  grains  in  one  direction  has  been  noted.  This  characteristic 
is  discussed  more  fully  under  the  heading  '^Rift."  The  degree  of 
interlocking  of  grains,  and  other  features  of  cohesion  have  a  definite 
relation  to  crushing  strength,  porosity,  and  workability.  In  certain 
dolomitic  marbles  the  grains  of  dolomite  may  differ  greatly  in  size 
and  shape  from  those  of  calcite.  The  difference  in  grain  diameter 
between  the  larger  and  smaller  grains  in  some  marbles  is  rather 
marked,  and  in  others  is  small.     Uniformity  of  grain  is  desirable. 

The  size  of  grain  is  commonly  described  as  fine,  modiimi,  or  coarse. 
Such  terms  are  indefinite,  and  may  have  quite  different  meanings 
with  different  individuals,  the  interpretation  being  dependent  upon 
the  range  of  texture  experienced  by  the  observer.  In  order  to  place 
texture  upon  an  absolute  basis  Dale''  graded  the  marbles  of  Ver- 

a  Bale,  T.  N.,  The  commercial  marbles  of  western  Vermont:  U.  S.  QwH.  Survey  Bull.  521, 1912,  p.  17. 
b  Dale,  T.  N.,  Op.  oit.,  p  54. 
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mont  into  six  classes,  based  upon  the  average  grain  diameter.    The 
classification  is  shown  in  the  following  table: 

Claasification  of  Vermont  marbles  by  grades  of  texture. 


Onln  diameter. 

Qnde. 

Haximiim. 

Xvengb, 

General  araages. 

ICmime- 
ten. 

laches. 

1.  extra  fine 

MilUmeters. 
0.2 
.5 
.75 
1.0 
1.5 
2.54 

MOlimfUTt. 
0.05  to  0.10 
.07  to   .16 
.lOto  .25 
.13  to   .81 
.20to   .60 
.30  to  1.35 

0.06 
.10 
.13 
.15 
.34 
.50 

a0023 

3,  very  fine 

.0019 

3,  fine 

.0047 

4,  medium 

.0059 

5,  coarse 

.0094 

6.  extra  coarse 

.0196 

1 

The  texture  of  marble  is  influenced  by  impurities  such  as  graphite, 
sericite,  tremolite,  actinolite,  ancl  mica;  and  also  by  the  folding  or 
plication  of  the  beds.  The  latter  may  cause  elongation  of  grain  or 
granulation  of  certain  parts  of  the  mass. 

RIFT  OB  GRAIN. 

The  terms  rift  and  grain  are  used  synonymously  for  the  direction  of 
easiest  splitting  in  marble.  The  rift  is  usually  parallel  with  the  bed- 
ding. It  is  probably  due  to  elongation  of  grain  caused  by  pressure. 
Dale^,  whose  microscopic  study  of  marbles  has  been  extensive,  states 
that  "in  some  marbles  one  or  two  axes  of  the  grains  are  much  longer 
than  the  others,  and  the  longer  axes  of  different  grains  are  parallel, 
giving  the  rock  a  certain  schistosity  which  is  usually  parallel  to  the 
bedding." 

The  rift  may  be  emphasized  by  the  presence  of  fibrous  or  platey 
minerals  such  as  scales  of  mica  or  graphite  or  needles  of  actinolite. 
These  usually  occupy  positions  with  their  long  axes  parallel  to  the 
direction  of  grain  elongation,  and  thus  increase  the  tendency  to 
split  in  that  direction. 

Rift  is  a  property  of  marble  that  the  quarryman  should  take  into 
account  in  planning  operations.  By  taking  advantage  of  this  ease  of 
splitting,  drill  holes  for  wedging  may  be  spaced  much  farther  apart 
than  if  no  rift  exists. 

POROsmr. 

Porosity  is  the  volume  of  pore  space  expressed  as  a  percentage  of 
the  total  volume  of  the  rock  mass.  The  pore  space  of  marbles  is 
usually  much  less  than  that  of  limestones  and  sandstones,  and  more 

a  Dale,  T.  N.,  Op.  cit.»  p.  18. 
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than  that  of  granites,  though  exceptions  toward  both  extremes  are 
known.     It  varies  from  0.0002  to  0.4  per  cent. 

A  method  of  determining  pore  space  may  be  quoted  from  Parks," 
as  follows: 

The  specific  gravity  is  determined  as  already  indicated  and  the  test  piece,  full  of 
water,  is  weighed.  The  difference  between  this  weight  and  the  dry  weight  of  the 
sample  gives  the  weight  of  the  included  water.  If  this  latter  figure  be  multiplied  by 
the  specific  gravity  of  the  stone,  we  obtain  an  expression  which  represents  the  weight 
of  the  stone  which  would  be  required  to  fill  the  pores.  If  this  amount  be  now  added 
to  the  weight  of  the  dry  sample,  the  result  is  the  weight  of  that  sample,  provided  that 
there  were  no  pore  spaces.  This  weight  divided  into  the  weight  of  the  stone  required  to 
fill  the  pores,  and  multiplied  by  100,  gives  the  percentage  of  pore  space  in  the  stone. 

The  difficulty  of  filling  all  the  pores  by  saturation  has  already  been 
referred  to  in  considering  specific-gravity  determinations.  A  method 
is  here  suggested  by  which  this  difficulty  may  be  avoided. 

Three  factors  are  necessary  in  order  to  determine  porosity.  They 
are  specffic  gravity,  dry  weight,  and  volume  of  the  material  em- 
ployed. The  specific  gravity  may  be  determined  by  the  pycnometer 
(specific-gravity  bottle)  method  as  already  described.  The  volume 
and  the  dry  weight  may  be  determined  from  a  smooth-faced  cube  of 
about  1-inch  edge.  Drying  the  cube  at  110°  C.  imtil  the  weight  is 
constant  gives  the  dry  weight.  The  specimen  may  then  be  coated 
with  a  thin  film  of  paraffin,  wax,  or  other  waterproof  substance  to 
make  it  impervious,  and  its  volume  may  be  determined  from  water 
displacement  in  a  large  specific-gravity  bottle.  The  film  must  be 
made  as  thin  as  possible,  as  its  presence  increases  the  volume  of  the 
block.  If  the  quantity  of  waterproof  substance  used  in  coating  the 
block  is  determined,  a  correction  may  be  made  by  subtracting  its 
volume  from  the  total  volume  obtained. 

Another  method  is  to  saturate  the  block  and  then  determine  its 
volume  by  water  displacement  without  any  coating.  If  it  is  even 
approximately  saturated,  further  absorption  during  the  brief  time 
occupied  in  determining  its  water  displacement  will  be  negligible. 

The  method  of  calculating  porosity  is  as  follows: 

If  X  =  dry  weight  of  block 

G  =s  specific  gravity  of  material  composing  block 
and  V  =  volume  of  block 
Then  V  X  G  =  weight  of  block  if  all  the  pores  were  filled  with  mar- 
ble ==  Y. 
Y  —  X  =  weight  of  marble  required  to  fill  pores  =*  W 

W 
Percentage  of  pore  space  =  -y-  X  100. 

Porosity  is  commonly  expressed  as  "ratio  of  absorption,"  which  is 
the  percentage  by  weight  that  the  absorbed  water  bears  to  the  dry 

a  Parks,  W.  A.,  Report  <m  tlie  building  and  omamantal  atones  of  Canada,  vol.  l,  1912.  p.  61. 
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weight  of  the  stone.  The  specimen  is  dried  in  a  hot-air  bath  at  a 
temperature  of  about  110°  C.  until  the  weight  is  constant.  The 
stone  is  then  immersed  in  water  for  a  period  of  time  varying  from 
two  days  to  several  weeks.  The  process  of  absorption  may  be  assisted 
by  boiling  or  by  placing  the  immersed  block  beneath  the  receiver  of 
an  air  pump  as  already  described.  The  diflFerence  in  weight  between 
the  dry  and  the  saturated  specimens  is  the  weight  of  absorbed  water. 
The  ratio  of  absorption  of  American  marbles  as  determined  by  the 
Bureau  of  Standards  varies  from  0.0018  to  0.00007. 

Pore  spaces  in  marbles  permit  infiltration  of  water,  which  may 
dissolve  the  stone,  or  may  cause  disintegration  by  freezing.  The 
evils  associated  with  porosity  are  discussed  more  fully  under  the 
heading  '*  Imperfections  of  Marble." 

STRENGTH. 

The  strength  of  a  stone  is  the  measure  of  its  capacity  to  resist 
stresses  of  various  kinds.  It  depends  partly  on  the  rift  of  the  rock 
and  on  the  cleavage  and  hardness  of  the  grains,  and  partly  on  the 
state  of  aggregation,  including  degree  of  cohesion,  interlocking  of 
grains,  and  nature  of  cementing  material,  if  such  is  present.  Although 
strength  alone  is  not  a  sure  criterion  of  durabiUty,  a  knowledge  of 
the  capabiUty  of  any  stone  to  withstand  stresses  of  various  kinds  is 
of  great  value  if  the  material  is  to  be  used  for  purposes  involving  extra- 
ordinary strains. 

Many  tests  have  been  made  of  the  strength  of  building  stones.  It 
was  early  learned  from  these  tests  that  most  stones  have  many  times 
the  strength  required  for  ordinary  uses.  As  pointed  out  by  Buck- 
ley,°  ordinary  building  stones  have  2  to  10  times  the  crushing  strength 
required  in  any  structure  for  which  they  may  be  used.  As  a  conse- 
quence of  a  recognition  of  this  fact,  there  was  a  reaction  against 
making  tests,  which  were  regarded  as  superfluous.  An  increased 
demand  for  strei^th  in  structural  stone  and  a  wider  knowledge  of  the 
significance  of  strain  resistance  has  lately  led  to  a  renewed  interest 
in  strength  tests.  It  is  known  that  stones  are  less  durable  when  ex- 
posed to  intense  strains,  and  it  seems  reasonable  to  conclude  that  the 
rate  of  disintegration  increases  with  proportional  rapidity  as  the 
strain  to  which  the  rock  is  subjected  approaches  more  and  more 
nearly  to  the  ultimate  load  it  is  capable  of  bearing.  Rock  strength 
may  therefore  have  a  decided  influence  on  the  rate  of  disint^ration, 
even  when  it  is  evident  that  the  strength  is  far  in  excess  of  the 
requirements. 

a  Buckley,  E.  R,,  Building  and  ornamental  stones  of  Wiaoonsin:  Wis.  Qeol.  and  Nat.  Ilist.  Survey 
Bull.  4, 1898,  p.  59. 
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The  tests  commonly  made  are  for  crushing  strength,  transverse 
strength,  elasticity,  and  shearing.  As  tests  can  be  made  only  with  high- 
priced  specially  designed  equipment,  which  is  available  to  few  people,  a 
description  of  the  methods  of  testing  is  omitted,  and  the  discussion 
confined  to  a  brief  consideration  of  the  significance  of  the  various 
types  of  stress  resistance  of  which  rocks  are  capable. 

CaUSHINO  STRENGTH. 

As  already  stated,  most  rocks  that,  after  ordinary  superficial 
inspection,  would  be  chosen  for  structural  purposes  have  many  times 
the  crushing  strength  required  for  ordinary  uses.  For  certain  pur- 
poses, however,  such  as  bridge  piers,  abutments,  columns,  and  the 
base  blocks  of  very  high  structures,  crushing  strength  demands  more 
than  ordinary  attention.  The  tendency,  more  noticeable  every  year, 
to  increase  the  height  and  superincumbent  weight  of  great  city 
structures  makes  strength  tests  more  and  more  useful. 

Rock  structures  have  a  definite  influence  on  strength.  As  a  rule 
rocks  will  bear  a  greater  compressive  stress  across  the  bedding  plane 
than  parallel  with  the  bedding  plane.  Hence  stones  should  not  be 
laid  with  the  bedding  planes  vertical. 

TBANSVEHSB    STRENGTH. 

Transverse  strength  may  be  measured  by  testing  the  capabiUty  of  a 
bar  of  stone  supported  at  its  ends  to  bear  weight  exerted  at  its  center. 
Such  tests  indicate  the  suitabiUty  of  a  marble  for  door  or  window  caps, 
or  as  bridging  material  that  must  bear  a  heavy  load.  Breakage  of 
such  caps,  hovever,  must  not  always  be  attributed  to  a  weakness  in  the 
material  employed,  as  unequal  settling  or  improper  laying  may  be  the 
chief  causes. 

ELASTICITY. . 

When  subjected  to  crushing  strain  rocks  are  capable  of  being  appre- 
ciably compressed  before  rupture  takes  place.  A  measure  of  this 
compressibiUty  in  terms  of  the  load  is  what  is  known  as  the  modulus 
of  elasticity.  Parks «  defines  it  more  exphcitly  as  follows:  "The 
decrease  in  length  of  a  bar  of  material  thus  subjected  to  pressure 
divided  into  the  original  length  of  the  bar,  and  multiplied  by  the  load 
in  poimds  per  square  inch,  gives  what  is  known  as  Young's  modulus  or 
the  modulus  of  elasticity  or  compressibiUty."  Merrill  ^  foimd  that 
after  relief  from  intense  pressure  below  the  point  of  rupture  rocks 
failed  to  completely  recover  their  original  form.  This  he  termed  a 
permanent  "set." 

a  Parks,  W.  A.,  Report  on  the  building  and  ornamental  stones  of  Canada,  vol.  1, 1912,  p.  47. 
b  Merrill,  O.  P.,  Stones  for  building  and  decoration,  1913,  p.  478. 
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Compressibility  may  be  the  cause  of  cracks  in  the  lower  courses  of 
certain  large  structures.  It  is  evident  that  building  stones  having  a 
low  modulus  of  elasticity  may  imder  heavy  superincumbent  load  be 
appreciably  compressed  with  a  resultant  settling  of  the  structure, 
and  if  one  part  of  the  building  is  composed  of  blocks  having  a  different 
modulus  of  elasticity  from  those  of  an  adjoining  part,  the  settling 
will  not  be  imiform.  Such  settling  can  tfiike  place  only  under  ex- 
tremely heavy  loads.  A  knowledge  of  the  elasticity  of  marble  is, 
as  quoted  by  Buckley,**  ''valuable  in  determining  the  effect  of  com- 
bining masonry  and  metal  or  of  joining  new  masonry  to  old;  in 
calculating  the  effect  of  loading  a  masonry  arch;  in  proportioning 
abutments  and  piers  of  railroad  bridges  subject  to  shock,  etc." 

SHEARING. 

The  tendency  to  shear — that  is,  the  tendency  of  one  part  of  a  block 
to  sUde  laterally  with  respect  to  another  part — is  strong  in  certain 
structures,  such  as  massive  arches  and  lintels.  Certain  blocks  in 
large  buildings  are  subjected  to  strains  in  different  directions,  and  the 
tendency  to  shear  may  be  pronounced.  Thus,  shearing  tests  of 
marble  designed  for  such  purposes  are  of  value. 

WBATHEBINO  OF  MARBLE. 

The  term  '^weathering"  is  applied  to  the  disintegration  that  results 
from  exposure  of  rock  to  the  various  natural  agencies  that  are  active 
at  or  near  the  surface  of  the  earth.  In  previous  paragraphs  a  dis- 
cussion is  given  of  solubility,  porosity,  permeability,  chemical  com- 
position, hardness,  texture,  and  state  of  aggregation  of  marble. 

The  rate  of  decomposition  by  weathering  is  somewhat  dependent 
on  these  physical  f  eatiu'es.  For  example,  a  soluble  rock  weathers  more 
rapidly  than  one  that  is  relatively  insoluble,  and  an  open-grained 
porous  rock  decomposes  more  readily  than  one  that  is  more  solid  and 
impervious.  Owing  to  this  direct  dependence  of  the  rate  of  weather- 
ing on  the  physical  properties  of  marbles,  tests  of  the  various  qualities 
of  a  given  stone  are  of  great  value  in  estimating  its  probable  rate  of 
weathering. 

Climatic  and  atmospheric  conditions  greatly  influence  the  rate  of 
weathering.  Oxygen  and  carbon  dioxide  are  the  most  effective 
atmospheric  agents  of  decomposition.  The  rate  of  weathering  de- 
pends also  on  temperatiu-e.  Little  or  no  weathering  takes  place 
while  the  temperature  is  below  0*^  C.  As  the  temperature  rises, 
solution  takes  place  with  increasing  speed  and  in  tropical  regions  is 
active  throughout  the  entire  year.     Rapid  changes  in  temperature 

a  Buckley,  E.  B.,  Building  and  ornamontal  ttoiiM  of  WlKXHUln:  Wis.  0«ol.  and  K«t.  HiiL  Suiraf 
BllU.4,1896,pp.6a-64. 
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cause  rapid  disintegration,   especially  in  regions  where   chemical 
action  is  supplemented  by  the  effects  of  frost. 

Aside  from  the  effects  of  frost,  changes  in  temperature  produce 
differential  expansion  and  contraction,  which  set  up  shearing  stresses, 
causing  flakes  to  split  off.  Rupture  by  expansion  and  contraction  is 
probably  less  in  the  porous  than  in  the  nonporous  rocks,  as  in  the 
former  case  necessary  adjustment  is  made  between  the  grains.  Asa 
rule  the  finer-grained  rocks  weather  less  rapidly  than  do  those  of 
coarser  grain.  Van  Hise^  states  that  ^^this  is  a  consequence  of  the 
closer  interlocking  of  the  mineral  particles  of  the  fine-grained  rocks, 
and  of  the  fact  that  the  differential  expansion  and  contraction  by 
change  of  temperature  is  less  with  fine  particles  than  with  coarse 
particles." 

Humidity  greatly  favors  decomposition,  as  chemical  action  is  slow 
in  the  absence  of  water.  For  example,  Cleopatra's  Needle,  which 
stood  thousands  of  years  in  arid  Egypt,  began  to  disintegrate  so 
rapidly  in  Central  Park,  New  York  City,  that  it  had  to  be  coated  with 
paraffin  to  prevent  destruction. 

The  most  favorable  conditions,  therefore,  for  rapid  weathering  are 
coarse  and  permeable  texture  of  the  stone,  humidity,  warmth,  and 
rapid  changes  of  temperature  between  points  above  and  below 
freezing. 

Parks  ^  conducted  a  series  of  mteresting  experiments  designed  to 
test  the  relative  durability  of  various  stones.  As  carbon  dioxide  is 
the  most  active  agent  of  chemical  decomposition,  its  effect  on  vari- 
ous stones  was  taken  as  an  indication  of  their  relative  durabiUty. 
Cubes  of  stone  were  immersed  in  distilled  water  through  which  a 
stream  of  carbon  dioxide  was  passed,  and  the  corrosive  effect  was 
tested  by  determining  the  loss  in  weight  by  solution  in  a  given  time. 
Those  cubes  that  showed  a  comparatively  small  loss  by  solution 
were  regarded  as  the  most  durable. 

The  change  in  color  of  the  rock  surfaces  during  the  process  cor- 
responded closely  with  the  color  modification  brought  about  by  many 
years  of  weathering.  Hence  such  experiments  are  useful  as  a  means 
of  testing  the  probable  color  changes  in  untried  rocks  intended  for 
exterior  structiu-al  work. 

Dale  ^  investigated  the  rate  of  disintegration  of  marble,  especially 
that  used  for  tombstones.  He  states  that  in  New  England  the  let- 
tering on  tombstones  75  to  100  years  old  wiU  probably  be  entirely 
effaced  in  300  years  from  the  date  of  cutting.  He  noted  a  marble 
slab  at  Plymouth,  Mass.,  on  which  the  lettering  was  almost  effaced 
after  87  years  of  exposure.     He  mentions  also  a  block  of  South 

a  Van  Hise,  C.  R.,  A  treatise  on  metamorphlsm:  U.  8.  Oeol.  Surv.  Mon.  47, 1904,  p.  533. 

t  ParkB,  W.  A.,  op.  cHL,  pp.  70-7L 

c  Dale,  T.  N.,  The  oommerdal  marblei  of  wett«m  Vermont:  U.  8.  QeoL  Survey  BulL  621, 1912,  p.  88. 
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Dorset  (Vt.)  marble  on  which  the  edges  of  the  letters  are  fairly  sharp 
after  79  years'  exposure. 

Although  tests  of  the  yarious  physical  properties  of  marble  are 
useful  as  an  index  of  its  probable  durability,  actual  observaticnis  of 
old  structures,  outcrops,  or  quarry  walls  give  the  most  depoidable 
information.  Observations  may  be  made  of  the  rate  and  uniformity 
of  weathering  and  the  stains  or  other  changes  in  color  involved. 

Weathered  outcrops  give  the  marble  prospector  valuable  infor- 
mation. On  ledges  where  successive  beds  are  exposed  the  most 
enduring  beds  will  stand  out  in  reUef .  The  condition  of  soundness 
can  also  be  easily  recognized,  as  weathering  emphasizes  all  cracks  or 
lines  of  weakness. 

Erosion  of  marble  beds  commonly  results  in  the  formation  of 
"mud  pockets,"  a  name  given  to  cavities  worn  in  the  rock  and  later 
£Qlcd  with  soil.  In  some  places  they  are  large,  attaining  depths  of 
50  or  60  feet,  and  the  removal  of  the  clay  contained  in  them  is  a 
matter  of  considerable  expense  to  the  quarry  operator.  In  the  Ten- 
nessee marble  deposits  erosion  has  followed  the  unsoundness  and 
has  left  numerous  masses  of  rock  projecting  upward  from  the  solid 
beds  and  siurounded  by  clay.  These  constitute  the  so-called  "bowl- 
der quarries." 

Most  serpentine  marbles  are  veined  with  calcite  or  dolomite,  and 
hence  weather  unevenly.  Moreover,  most  of  them  are  unsound,  and 
consc^qucntly  permeable  to  rain  water.  Such  marbles  lose  their 
polish,  weather  rapidly,  become  stained,  and  soon  lose  both  attract 
tivoness  and  strength  if  exposed  to  atmospheric  agencies. 

VABIBTIBS  OF  MABBLE. 

Marbles  may  be  classed  as  statuary,  decorative,  building,  and 
monumental. 

Statuary  marble  is  the  most  valuable  variety  quarried.  It  must 
bo  pure  white  in  color,  uniform  and  fine-grained  in  texture,  and  some- 
what translucent,  and  must  possess  a  marked  adaptability  for  carv- 
ing. Renwick"  recommends  that  "marble  for  statuary  purpose 
should  never  bo  selected  in  bright  weather.  Veinings  and  discolor- 
ations  are  more  difficult  to  discover  at  this  time  than  at  any  other. 
A  dull  day  with  a  good  light  is  the  best  time  for  inspections;  if  after 
a  shower  of  rain,  so  much  the  better.  Provided  no  rain  has  fallen, 
the  blocks  should  bo  soused  with  water.  Veins  and  stains  can  then 
be  more  readily  perceived.  If  possible  have  each  block  slung  and 
struck  with  a  hammer.  If  the  sound  of  the  blow  is  dull  and  heavy, 
look  out  for  cracks.  Should  a  hard  and  metaUic  tone  be  emitt^Ki, 
the  marble  will  be  heavy  in  working;  but  if  a  soft,  dear  ring  is  heard, 
the  material  is  sound  and  will  both  work  and  wear  well." 


a  Renwlck,  W.  Q.,  Marble  and  marble  worUng,  Londoai,  1900,  p.  6L 
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Decorative  marble  is  usually  employed  in  places  unexposed  to  the 
weather,  and  hence  may  be  selected  for  appearance  without  regard 
for  the  efiPects  of  weathering.  Marble  containing  large  amounts 
of  iron  sulphides  may  therefore  be  used  for  interior  decoration,  and 
such  marbles  may  give  beautiful  effects.  Brecciated  marbles  con- 
sisting of  angular  fragments  cemented  together  in  nature  by  calcium 
carbonate  are  widely  used  for  columns.  Most  marbles  of  this  type 
are  imported,  only  a  limited  amount  having  been  produced  in  the 
United  States  up  to  the  present.  Both  pure  white  and  variously 
colored  marbles  that  possess  unusual  attractiveness  may  be  used 
for  interior  decoration. 

Verd  antique,  or  serpentine  marble,  is  in  common  use.  Most 
of  such  marble  is  somewhat  unsound  and  not  of  sufficient  strength 
to  justify  its  use  where  it  will  have  to  take  a  heavy  load.  The 
marble  is  commonly  used  for  exterior  decoration,  but  is  not  to  be 
recommended  for  this  purpose,  as  it  does  not  weather  uniformly 
and  soon  loses  it  polish.  For  interior  decorative  purposes  it  is 
popular. 

Onyx  marble  possesses  a  waxlike  luster  and  an  attractive  banding 
which  make  it  a  popular  material  for  interior  decoration. 

Numerous  statuary  and  decorative  marbles  from  American  quar- 
ries are  now  on  the  market.  No  two  are  alike,  and  each  has  its 
own  particular  trade  name. 

Marbles  for  building  and  monumental  purposes  must  have  attrac- 
tive and  uniform  colors,  and  in  addition  must  possess  the  ability 
to  withstand  weathering  and  to  retain  their  attractive  appearance. 
For  interior  decorative  marble  appearance  is  the  prime  factor 
determining  its  value,  whereas  with  exterior  marble  quaUties  of 
endurance  rank  equally  in  importance  with  appearance.  Building 
marble  should  therefore  be  strong,  uniform,  close-grained,  reasonably 
nonabsorptive,  and  free  from  such  impurities  as  may  stain  or  corrode 
the  surface. 

BISTBIBTTTION  AND  PBODTJCTION  OF  MABBLE  IN  THE  UNTTBD 

STATES. 

As  stated  in  the  discussion  of  the  origin  of  marble,  the  recrystallizar 
tion  of  the  original  limestone  is  promoted  chiefly  by  heat  and  pres- 
sure. As  a  consequence  most  marble  beds  are  confined  to  areas 
of  extreme  foldiog  or  igneous  intrusions,  and  hence  are  to  be  found 
chiefly  in  mountainous  regions.  In  some  beds  recrystallization  takes 
place  without  igneous  intrusion  or  movement  of  the  beds,  as  at 
Kasota,  Minn.,  but  such  conditions  are  rare.  The  important  marble 
bolts  of  the  United  States  are  found  in  the  Appalachian  region  of  the 
Eastern  States  and  in  the  Rocky  Mountain  and  the  Coast  Ranges  of 
the  West. 
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According  to  figures  compiled  by  Burchard,**  the  States  producing 
marble  in  1913,  arranged  according  to  value  of  output,  are  as  follows: 
Vermont,  Tennessee,  Georgia,  Colorado,  Alabama,  Massachusetts, 
New  York,  Pennsylvania,  Alaska,  California,  Maryland,  North 
Carolina,  Utah,  Arkansas,  New  Mexico,  Washington,  Virginia, 
and  Oregon.  Deposits  of  onyx  marbles  occur  in  Arizona,  Colorado, 
Utah,  New  Mexico,  California,  Kentucky,  and  Virginia.  Deposits 
of  serpentine  marble,  or  verd  antique,  occiu-  in  Vermont,  Pennsyl- 
vania, Georgia,  Maryland,  California,  Massachusetts,  Connecticut, 
Delaware,  Maine,  New  York,  New  Jersey,  New  Mexico,  and  northern 
Michigan. 

The  value  of  marble  produced  in  the  United  States  in  1913  was 
$7,870,890,  and  of  this  amount  the  three  States,  Vermont,  Tennessee, 
and  Georgia,  produced  over  76  per  cent.  The  average  price  per 
cubic  foot  was  $2.11. 

THE  IMPERFECTIONS  OF  1IIARBI«R 

UNSOUNDNESS. 

HEANXNG  OF  UNSOUNDNESS. 

When  intersected  by  joints  or  fissures  marble  blocks  are  said  to  bo 
unsound.  The  term  ^'imsoundness''  refers  to  all  cracks  or  lines  of 
weakness,  other  than  bedding  planes,  that  cause  the  marble  to  break 
before  or  during  the  process  of  manufacture.  The  various  types  of 
unsoundness  are  known  locally  as  ^'joints,"  ^'headers,"  ''cutters," 
"hair  lines,''  ^'slicks,''  ''seams,"  "slick  seams,"  ''dry  seams,"  or 
"dries,"  and  "cracks."  The  term  "reed"  is  applied  to  a  weakness 
parallel  with  the  bedding. 

IMPORTANCE   OF  JOINTS   IN   MARBLE   DEPOSITS. 

The  presence  of  joints  ui  marble  deposits  presents  a  most  serious 
problem.  They  may  be  so  close  and  irregular  that  the  quarrying  of 
profitable  material  is  impossible.  Joints  should  have  a  marked 
influence  on  the  mode  of  quarrying  a  marble,  in  order  that  the  waste 
due  to  their  presence  may  be  reduced  to  a  minimum.  The  maimer 
in  which  joints  occur  and  their  probable  continuance  at  depth  are 
matters  of  supreme  importance. 

NATURE  OF  JOINTS. 

Most  joints  as  they  appear  in  marble  deposits  are  straight  and 
uniform  though  some  may  be  curved  or  irregular.  Some  are  open 
and  conspicuous  and  others  so  obscure  that  they  can  be  recognized 
only  by  those  skilled  in  their  detection  by  long  and  constant  practice. 

a  Burcbard,  £.  F.,  Stone:  Mineral  resources  U.  S.  for  1913,  U.  S.  Qeol.  Burvey,  1914,  p.  1313. 
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Becker**  has  pointed  out  that  surface  tension  of  water  in  joints  tends 
to  keep  them  closed.  With  a  space  of  0.01  inch  the  surface  tension 
exerts  a  force  of  13.5  pounds  per  square  foot  tending  to  draw  the 
surfaces  together,  and  if  the  opening  is  only  0.001  inch  wide  the  force 
will  be  135  pounds  per  square  foot. 

The  most  striking  characteristic  of  joints  is  their  tendency  to 
occur  in  parallel  systems.  The  occurrence  of  two  systems  approxi- 
mately at  right  angles  to  each  other  is  common.  Occasionally  a 
third  or  fourth  system  may  appear.  In  exceptional  cases  joints  may 
present  such  extreme  irregularity  that  no  well-defined  system  can  be 
recognized. 

The  spacing  of  joints  is  variable.  They  have  a  tendency  to  occur 
in  groups  of  closely  spaced  fractures  separated  by  masses  in  which 
joints  are  few  in  number.  In  certain  Vermont  quarries  such  closely 
spaced  groups  are  termed  *' fish-backs."  In  some  deposits  joints  may 
be  10  to  30  feet  apart,  and  in  others  they  may  be  separated  by  a  few 
inches  only.  Needless  to  say,  a  wide  spacing  adds  greatly  to  the  com- 
mercial value  of  a  deposit. 

ORIGIN  OF  JOINTS. 

In  order  that  one  may  even  approximately  understand  the  distri- 
bution, direction,  spacing,  and  persistence  at  depth  of  the  joints  that 
mtersect  marble  deposits  a  knowledge  of  their  origin  is  necessary. 
Authors  generally  agree  that  joints  are  caused  by  strains  in  the  rock 
masses.  It  is  thought  that  few  joints  are  due  to  tensile  stresses,  as 
joints  so  caused  would  show  no  slickensided  surfaces,  and  be  irregu- 
lar in  form,  whereas  most  joints  are  straight  and  even  planes  and  are 
somewhat  slickensided.  It  is  now  generally  accepted  that  practi- 
cally all  joints  are  faulted  surfaces  although  the  displacement  may 
be  small.^  Daubr^e  was  so  firmlv  convinced  of  the  correctness  of  this 
theory  that  he  rejected  the  term  **joint"  as  failing  to  imply  the  ex- 
istence of  relative  motion,  and  introduced  the  terms  "diaclase"  and 
"paraclase."  Joints  are  probably  caused  by  pressure,  and  pressures 
in  rocks  may  be  highly  complex.  Curved  joints  indicate  that  the 
direction  of  eflFective  pressure  varies,  or  varied,  from  point  to  point. 

The  famous  experiments  of  Daubr6e  ^  indicate  that  joints  may  bo 
produced  by  simple  pressure,  the  joint  planes  forming  at  angles  of 
45°  with  the  line  of  pressure.  His  experiments  also  show  that 
torsion  may  cause  joints.  Torsional  strain  in  glass  produced  two 
sets  of  fractures  approximately  at  right  angles  to  one  another  and 
usually  at  angles  of  about  45°  to  the  axis  of  torsion.     Becker  ^  gives 

o  Becker,  Q.  F.,  The  toraioxial  theory  of  Jointo:  Trans.  Am.  Inst.  Mln.  Eng.,  vol.  24,  1894,  p.  131. 

^  See  Becker,  O.  F.,  Loc.  dt. 

c  Daabrte,  A.,  ^tude  synth^iqaes  de  gtologle  ezp^rimentale,  Paris,  1878,  pp.  300-874. 

tf  Becker,  O.  F.,  Op.  oit.,  p.  136. 
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a  reason  for  this  arrangement.  He  shows  that  torsion  of  a  bar 
causes  diagonal  lines  to  be  elongated  or  contracted,  the  directions  of 
maximum  extension  and  compression  being  45°  to  the  axis  of  tor- 
sion and  perpendicular  to  each  other.  Cracks  in  fan-shaped  groups 
may  also  result  from  torsion. 

Crosby  <*  claimed  that  earthquakes  were  important  factors  in  the 
production  of  joints,  each  system  being  parallel  with  the  earth  waves 
producing  it.  Various  systems  must  therefore  have  resulted  from 
successive  shocks.  A  second  system  will  usually  be  nearly  at  right 
angles  to  the  first,  as  an  obUque  shock  would  have  foimd  relief  along 
the  fractures  of  the  first  system.  The  presence  of  an  oblique  system 
presumes  a  shock  of  such  high  velocity  that  time  was  not  allowed 
for  the  strain  to  find  rehef  along  previous  fractures.  The  same 
author  in  a  later  pubUcation  *  shows  convincingly  how  shock  and 
torsion  may  act  in  conjunction  and  produce  results  according  with 
the  phenomena  as  they  occur  in  nature.  His  theory,  in  brief,  is  as 
follows: 

The  torsional  theory  assumes  a  very  slow,  and  the  earthquake 
theory  a  rapid  process  of  joint  development.  As  fractures  formed 
by  slow  processes  are  apt  to  be  irregular,  followii^  all  places  of 
weakness,  torsional  joints  should  be  irregular.  Most  joint-s,  how- 
ever, are  fairly  regular  and  are  even  known  to  pass  directly  through 
the  hard  pebbles  of  a  coi^lomerate.  Thus,  a  discrepancy  appears 
in  the  torsional  theory.  A  single  system  of  regular  joints  may 
therefore  be  ascribed  to  shock.  A  subsequent  shock  in  a  transverse 
direction  would  tend  to  break  up  the  sheets  formed  by  the  joints, 
the  fractures  being  of  a  less  continuous  nature  than  those  produced 
by  the  first  shock,  being  terminated  abruptly  in  many  places  by  the 
first  system  of  joints  and  continuing  in  a  different  though  parallel 
plane.  Thus  two  systems  of  an  unhke  character  are  best  explained 
by  the  earthquake  theory.  However,  two  systems  of  like  character 
may  be  referred  to  the  torsional  theory  except  when  they  exhibit  the 
regularity  indicative  of  instantaneous  stresses. 

Crosby  refers  to  the  idea,  upheld  by  many  geologists,  of  an  almost 
imiversal  condition  of  strain  in  the  earth's  crust,  and  states  that  if, 
while  under  torsional  or  folding  stresses,  the  rock  is  traversed  by  an 
earthquake  wave,  fractures  may  be  precipitated.  Experiments  with 
sheets  of  glass  showed  that  a  sudden  shock  while  the  torsional  strain 
was  distinctly  below  the  breaking  point  would  precipitate  the  frac- 
tixreSj  but  that  the  direction  of  the  fractures  was  governed  by  the 
direction  of  the  axis  of  torsion.  It  seems  reasonable,  therefore,  that 
the  result  of  an  earthquake  wave  traversing  rocks  imder  strain  would 

a  Crosby,  W.  0.,  On  the  classification  and  origin  of  joint  structures:  Proc.  Boston  Sec  Nat.  Hist,,  vol.  22, 
1882-83,  pp.  72-^. 
f>  Crosby,  W.  O.,  The  origin  of  parallel  and  intersecting  Joints:  Am.  Geol.,  vol.  12, 1893,  pp.  368-375. 
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be  the  sudden  development  of  joints,  governed  in  direction  by  the 
torsional  or  folding  stresses  present. 

Becker**  presents  some  instructive  figures  showing  the  manner  in 
which  joints  are  developed  by  a  compressive  force  in  one  direction. 
In  figure  1,  A,  the  force  is  supposed  to  act  in  a  direction  at  right  angles 
to  the  upper  and  lower  surfaces.  Face  x  and  its  opposite  face  are 
supported  to  prevent  rupture.  The  force  produces  fractures  in  planes 
perpendicular  to  x  and  inclined  in  opposite  directions  at  angles  of 
45®  from  the  line  of  force.  The  face  x  is  intersected  by  two  systems 
of  joints  at  right  angles  to  each  other.  On  the  other  four  faces  per- 
pendicular to  x  they  appear  as  paraJQel  lines  but  may  dip  in  either  of 
two  directions.     If  considerable  deformation  takes  place  before  rup- 


FiouBK  l.—DJagrams  illustrating  the  maimer  in  which  a  single  force  may  produce  several  systems  ol 

Joints— A,  Joints  of  two  systems,  B,  Joints  ol  four  systems. 

turoy  the  joints  will  make  angles  of  more  than  45^  with  the  line  of 
force. 

If  the  support  on  x  or  y  is  the  same,  or,  in  other  words,  if  the  resis- 
tance perpendicular  to  the  line  of  force  is  uniform,  two  systems  will 
form  simultaneously,  as  shown  in  figure  1,  B,  and  horizontal  and 
diagonal  cracks  will  appear  on  both  x  and  y.  Thus  four  systems  of 
joints  parallel  with  octahedral  faces  will  be  produced,  and  the  re- 
sulting blocks  will  be  octahedral  or  tetrahedral  in  form.  Other  fig- 
ures given  by  the  author  indicate  how  such  systems  may  be  shown 
to  appear  on  a  random  plane. 

It  has  been  shown  in  the  preceding  paragraphs  that  torsional  forces, 
compressive  forces  with  uniform  or  nonuniform  reUef  in  a  transverse 
direction,  or  earthquake  shocks  alone  or  in  conjunction  with  other 
forces  may  produce  definite  systems  of  joints.     The  forces  may  be 

a  Hecker,  0.  F.,  Simultaneous  Joints:  Proc  Wash.  Acad.  8cL,  vol.  7, 1906,  pp.  2fff-7f6, 
16207^— BuU.  1(»-16 3 
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multiplied  and  complex,  and  the  resulting  joint  systems  may  present 
a  corresponding  complexity,  but  definite  systems  are  generally  de- 
veloped. 

The  nature  of  joint  surfaces  and  some  inferences  therefrom  have 
been  discussed  by  Woodworth." 

PRACTICAL  ILLtTSTRATIONS  OF  JOINT  SYSTEMS. 

The  occurrence  of  joints  as  observed  in  many  quarries  clearly  sup- 
ports the  conclusion  deduced  by  theory  in  so  far  as  systematic  ar- 
rangement is  concerned.     A  few 

N        ^ ' — ■ —  examples    selected    from    many 

h     — r*  may  be  offered  in  support  of  this 

conclusion. 

In  many  quarries  jointing  sys- 
tems are  dear  and  definite. 
The  direction  and  spacing  of 
joints  as  observed  at  the  surface 
may  persist  with  remarkable 
uniformity  at  depths  of  100  feet 
or  more.  Figure  2  illustrates  a 
system  of  21  parallel  joints  drawn 
to  scale  as  they  appear  in  an  out- 
crop at  a  quarry  in  West  Rut- 
land, Vt.  They  strike  N.  82^  E. 
and  dip  61^  N.  8°  W.  At  a 
depth  of  145  feet  they  have  the 
same  strike,  dip,  and  spacing  as 
at  the  surface.  Four  of  them 
are  shown  in  Plate  I,  A. 

Figure  3  shows  open  joints  as 
they  appear  in  a  quarry  wall. 
The  horizontal  lines  represent 
the  various  floors  cut  out  by 
channeling  machines.  The  bed- 
ding dips  about  40^  and  is  marked 
by  one  prominent   and    several 

Fioims  2.— A  remarkable  system  of  21  parallel   lesS      COnspicUOUS     Opcn      Seams. 

jointe,  as  found  to  one  outcrop.  Although  some  irregularities  are 

to  be  noted,  a  definite  jointing  system  may  be  recognized. 

Plate  I,  5,  illustrates  a  system  of  parallel  joints  in  a  Tennessee  mar- 
ble deposit.  Erosion  has  followed  the  joint  planes  and  thereby  given 
them  exceptional  prominence.  Attention  is  directed  to  figure  11 
(p.  67)  which  shows  tiie  joint  systems  in  the  floor  of  a  marble  quarry 
in  Alabama. 


Scale  in  f^B€t 
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a  Woodworthi  7.  B.,  On  the  fracture  system  of  Joints,  with  remarks  on  certain  great  fractores.    Proc 
Bos.  Soc.  Nat.  HJst.«  yqL  27, 1806,  pp.  165-183. 
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Hundreds  of  examples  might  b^  given  of  joint  systems,  and  many 
quarrymen  could  supplement  them  with  illustrations  from  their  own 
experience.  On  the  other  hand,  in  some  quarries  joint  systems  may 
be  difficult  to  recognize.  They  may  be  obscure  and  seemingly  rather 
irregular.  However,  careful  mapping  of  many  of  them  will  reveal 
definite  systems.    A  practical  illustration  may  be  of  value. 

The  operators  of  a  certain  quarry  declared  that  the  joints  in  their 
quarry  occurred  without  any  definite  system.  In  order  to  test  the 
validity  of  this  view  the  positions  of  the  visible  joints  were  determined 
as  completely  as  circumstances  would  permit,  with  compass,  cUnom- 
eter,  and  tape  measure.  A  plan,  as  represented  in  figmre  4,  was 
made  showing  the  arrangement  of  the  joints  on  the  quarry  floor. 
Although  some  irregularities  may  be  noted,  it  is  evident  that  only  a 
limited  number  of  joints  vary  more  than  a  few  degrees  from  a  direc- 


FioUBB  3.— Open  Jointfl  in  a  quarry  wall. 

tion  N.  45**  W.     While  variations  in  dip  are  rather  pronoimced,  a 
majority  of  the  fractiu'es  are  within  limits  of  10®  from  the  vertical. 

It  is  evident,  therefore,  that  with  few  exceptions  definite  systems 
of  joints  may  be  recognized  ia  marble  quarries.  The  economic  impor- 
tance of  joints  is  discussed  in  detail  in  a  subsequent  section  devoted  to 
a  consideration  of  channeUng  in  relation  to  imsoundness. 

PERSISTENCE   OF  JOINTS  AT  DEPTH. 

The  disappearance  or  continuance  of  joints  with  depth  is  a  matter 
of  profound  importance  to  quarrymen.  The  belief  is  common  that 
joints  are  less  numerous  at  depth.  Some  persons  who  hold  this 
opinion  can  support  it  by  observations  in  quarries,  whereas  with  others 
the  idea  is  the  expression  of  an  imverified  optimism.  The  origin  of 
joints  and  the  phenomena  accompanying  their  development  have  a 
direct  bearing  on  their  persistence  at  depth. 

Becker  ^  has  shown  that  a  mass  of  rock  must  occupy  a  greater 
space  after  jointing  than  before,  as  cracks  and  open  comers  are  pro- 

aBednr,  G.  F.,  Op.  dU,  pp.  274, 376. 
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duced.  Thus  as  joints  demand  mcreased  yolmne  in  the  mass  of  rock 
affected,  and  as  surface  rocks  have  freedom  of  upward  motion, 
whereas  deep-seated  rocks  are  more  or  less  restrained  in  all  directions, 
there  is  a  stronger  tendency  for  joints  to  form  near  the  surface  than  at 
depth.  As  pointed  out  by  the  same  author,  the  pressure  on  rocks  at 
depth  does  not  obviate  the  tendency  for  fractures  to  form,  but  may 
prevent  actual  ruptures.  Deformation  without  rupture  results,  as 
is  clearly  shown  in  Plate  I,  A.  The  sudden  termination  of  the  jomts 
in  a  plastic  layer  of  soft  green  marble,  as  shown  near  the  top  of  the 
plate,  illustrates  the  manner  in  which  plasticity  permits  the  necessary 
adjustment  by  flowage  rather  than  by  fracture. 

It  is  evident,  however,  that  a  condition  of  flowage  demands  an 
inmiense  superincumbent  load,  and  takes  place,  therefore,  at  depths  far 


Sca/e/n/bef 


FiQViiB  4.— Suriace  plan  of  joints  that  appeared  to  lack  systematic  arrangemeat. 

beyond  the  reach  of  quarry  excavations.  If  deformation  without 
rupture  takes  place  within  the  limited  depth  of  a  quarry  pit,  it  must 
be  by  some  other  phenomenon  than  that  conmionly  called  flowage. 

Deformation  may  take  place  at  moderate  depth  by  the  formation 
of  crushed  structures  which  may  be  masked  by  recrystallization. 
Furthermore,  deformation  without  rupture  may  take  place  by  twin- 
ning, or  the  development  of  gUding  planes  in  the  calcite  crystals.  As 
gUding  planes  have  been  produced  in  the  laboratory,  it  is  evident  that 
they  may  occur  in  nature  under  pressures  of  no  greater  magnitude 
than  those  brought  about  by  a  superincumbent  load  of  rock  within 
the  vertical  range  of  a  quarry  pit.  Deformation  may  take  place  by 
one  of  these  means  at  moderate  depths. 

In  theory,  therefore,  joints  are  characteristically  surface  phenomena, 
and  should  decrease  in  number  with  increasing  depth.    This  theory 
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is  generally  substantiated  by  the  conditions  disclosed  in  quarrying. 
The  decrease  may  not  be  constant  or  uniform.  Certain  beds  are 
more  liable  to  be  intersected  with  joints  than  other  beds,  and  in  con- 
sequence one  bed  may  have  more  joints  than  those  above  it.  In 
general  it  has  been  founds  however,  both  in  quarrying  and  in  project- 
ing core  holes,  that  if  any  one  steeply  inclined  bed  is  followed  down- 
ward the  unsoundness  constantly  decreases. 

Certain  fractures,  known  locally  as  ''slicks"  or  ''hair  lines,"  are, 
as  a  rule,  evenly  spaced,  vertical,  and  at  right  angles  to  the  strike  of 
steeply  inclined  beds.  They  usually  disappear  at  depths  of  50  to 
100  feet.  They  are  regarded  as  originating  from  the  expansion  and 
contraction  of  rocks  owing  to  variations  in  solar  heat. 

UNSOUNDNESS  IN  VEBD  ANTIQUE. 

Unsoundness  in  quarries  of  serpentine  marble,  or  what  is  com- 
monly called  "verd  antique,"  is  usually  rather  pronounced  and 
extremely  irregular.  It  is  probably  caused  chiefly  by  expansion  or 
swelling,  owing  to  the  process  of  hydration  as  the  serpentine  is 
formed.  As  a  consequence,  no  definite  systems  of  cracks  are  to  be 
expected.  The  formation  of  lens-shaped  masses  is  common.  It  is 
frequently  difficult  to  obtain  blocks  of  any  considerable  size  suffi- 
ciently coherent  to  be  of  commercial  value.  Occasionally  the  cracks 
are  recemented  by  crystalline  calcite,  producing  an  attractive  white 
veining  on  a  green  background.  The  so-called  brecciated  marbles 
are  extremely  unsound  masses  composed  of  many  irregular  and 
usually  angular  fragments  that  have  been  cemented  by  chemical 
precipitation  of  calcium  carbonate. 

"glass  seams." 

In  certain  quarries  joints  that  have  been  recemented  in  the  manner 
described  above  are  termed  "glass  seams."  They  may  be  suffi- 
ciently strong  to  permit  sawing  even  into  thin  stock,  but  most  of 
such  seams  are  planes  of  weakness.  The  filling  is  most  commonly 
of  calcite.  Occasionally  it  is  of  silica,  either  as  quartz,  ffint,  or 
chert.  The  silicious  filling  is  least  to  be  desired,  as  its  extreme 
hardness  makes  sawing  and  polishing  difficult,  and  it  presents  a 
nonuniform  surface.  In  any  case  a  glass  seam  usually  appears  as 
a  conspicuous  line  which  can  be  regarded  only  as  a  blemish  when 
present  in  otherwise  uniform  marble. 

ntON  SUIiFHJLDES. 

THE    COMMON    IRON    SULPHIDES. 

The  sulphides  of  iron  which  occur  commonly  in  nature  are  pyr- 
rhotite,  pjrite,  and  marcasite.  Pyrrhotite  is  a  mineral  of  variable 
composition  ranging  from  FcgSo  to  Fe^^n.    It  appears  to  be  a  solid 
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solution  of  FeS  and  sulphur.  Pyrite  and  marcasite  are  identical  in 
chemical  composition,  which  is  expressed  bj  the  formula  FeS^,  but 
crystallize  differently,  pyrite  beiag  isometric,  usually  as  cubes, 
octahedrons,  or  pyritehedrons,  and  marcasite  orthorhombic,  wiUi 
prominent  domes  and  pinacoids.  In  other  respects  the  two  minerals 
are  closely  similar  and  it  is  difficult  to  distinguish  them. 

Fyrrhotite  is  rare  in  marble.  Pyrite  and  marcasite  are  accessory 
minerals  in  many  marble  deposits,  the  pyrite  being  the  more  com- 
mon. They  may  appear  as  scattered  crystals  of  variable  size,  or  may 
form  bands  and  masses  of  considerable  prominence.  The  conditions 
under  which  pyrite,  marcasite,  or  mixtures  of  the  two  may  form  in 
nature  are  discussed  by  Allen,  Crenshaw,  and  Johnston.^ 

ICANKEB  ANB  EFFECT  OF  SULPHIDE  DEOOMPOSmON. 

By  weathering,  pyrite  may  combine  with  oxjrgen  to  form  iron 
oxide,  iron  sulphate,  or  free  sulphuric  acid.  The  oxide  may  stain, 
and  the  acid  may  corrode  the  rock.  When  alumina  is  present  whit- 
ish crusts  of  aluminum  sulphate  and  aliun  may  form.  As  pointed 
out  by  Merrill,^  if  magnesia  is  present  the  sulphuric  acid  may  pro- 
duce a  soluble  efflorescent  salt,  which  forxns  white  patches  on  the 
surface. 

The  process  of  weathering  may,  on  the  other  hand,  be  less  detri- 
mental. The  pyrite  may  gradually  change  color,  become  coated 
with  a  brown  crust,  and  eventually  alter  entirely  into  hydrated  iron 
oxide,  which  retains  the  original  shape  of  the  pyrite  and  thus  forms 
a  pseudomorph. 

Marcasite  decomposes  in  much  the  same  manner,  though  usually 
more  rapidly  than  pyrite,  and  more  rarely  in  the  pseudomorphic  form. 

SULPHIDES  NOT  ALWAYS  IKJUBIOUB. 

Most  authors  who  have  discussed  impurities  in  building  stone  have 
stated  unreservedly  that  pyrite  is  injurious  when  the  stone  in  which 
it  is  contained  is  used  for  exterior  work.  This  statement  is  not  always 
true,  however. 

Many  recorded  examples  and  personal  observations  show  that  the 
rate  of  decomposition  of  iron  sulphides  is  different  in  different  deposits. 
In  some  marbles  the  sulphides  decompose  and  form  undesirable 
discolorations  in  a  few  months  or  a  few  years.  Marble  from  other 
deposits  may  contain  iron  sulphide  that  will  withstand  many  years 
of  weathering,  and  show  no  appreciable  change.  Examples  are 
known  of  American  marbles   containing  pyrite   that  have  stood 

a  Allen,  E.  T.,  Crenshaw,  J.  L.,  and  Johnston,  John,  The  mineral  sulphides  of  iron:  Amer.  Joor.  Sci.,  ser. 
4,  vol.  33, 1912,  pp.  160-217. 
b  iCerriU.  Q.  P.,  Stones  for  building  and  decoration,  1903,  p.  31. 
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exposed  to  the  weather  for  more  than  100  years  without  noticeable 
staining. 

The  researches  of  Julien  and  Stokes  throw  considerable  light  on 
the  conditions  governing  the  rate  of  decomposition  of  iron  sulphides, 
and  consequently  are  of  great  value  to  quarrymen  and  architects. 

BESEABOHES  OF  JtrUEN. 

Julien<»  gives  a  description  of  pyrrhotite,  marcasite,  and  pyrite 
with  notes  thereon  that  suggest  that  the  process  of  metamorphism 
tends  to  alter  pyrrhotite  and  marcasite  into  pyrite,  and  that,  of  the 
iron  sulphides,  pyrite  predominates  to  a  greater  extent  in  marble 
than  in  the  rocks  that  have  undergone  less  metamorphism. 

He  points  out  that  pyrite  even  in  the  form  of  crystals  is  rarely 
pure,  but  contains  varying  quantities  of  marcasite  more  or  less  inti- 
mately mixed  with  it.  The  author  emphasizes  the  point  that  the 
rate  of  decomposition  depends  upon  the  purity  of  the  mineral; 
mixtures  of  pyrite  and  marcasite  weathering  readily,  whereas  pure 
pyrite  is  stable. 

The  relation  of  specific  gravity  to  rate  of  decomposition  is  of  interest. 
The  specific  gravity  of  marcasite  is  given  as  4.80,  and  of  pyrite  as  5.01. 
As  pyrite  is  the  heavier,  any  admixture  of  marcasite  with  it  will  lower 
the  specific  gravity.  Consequently  specific  gravity  may  be  taken  as 
a  criterion  of  purity,  and  therfore  of  resistance  to  weathering. 

In  judging  the  probable  resistance  to  weathering  of  any  iron 
sulphide  present  in  a  rock  the  author  recommends  careful  examina- 
tion of  form,  color,  fracture,  and  density  with  supplementary  tests 
for  determining  whether  the  mineral  is  pure  pyrite  or  whether  it 
contaiDs  marcasite  mixed  with  it.  If  mixtures  of  the  two  sulphides 
are  found,  rapid  alteration  is  to  be  expected.  If  possible,  pure 
material,  preferably  crystals,  should  be  obtained.  The  observa- 
tions to  be  made  and  their  interpretation  are  as  follows:^ 

1.  Crystal  form;  if  isometric  the  material  is  probably  resistant, 
though  such  crystals  may  contain  marcasite. 

2.  Color;  if  brass  yellow  the  mineral  is  probably  nearly  pure 
pyrite;  if  pale  yellow  or  tin  white  marcasite  predominates. 

3.  Fracture;  if  conchoidal  it  is  probably  pyrite;  if  uneven  or 
granular,  marcasite  is  abundant  or  the  mineral  is  otherwise  impure. 

4.  Hardness;  the  hardness  of  pyrite  is  7  and  of  marcasite  6.5. 

5.  Odor  and  streak;  a  sulphurous  odor  and  greenish  streak  indi- 
cate the  presence  of  much  marcasite. 

6.  Specific  gravity;  fairly  pure  pyrite  can  be  expected  only  when 
the  specimen  has  a  specific  gravity  greater  than  4.97. 

a  Jniisa,  A.  A.,  On  the  variat km  of  deoompotltkm  in  the  iron  pyrites;  its  oanse  and  its  relation  to  density: 
Ann.  New  York  Acad.  ScL,  vol.  3, 1883-1886,  pp.  86fr-4(H;  vol.  4, 1887-1888,  pp.  123-223. 
ft  Julien,  A.  A.,  Op.  dt.,  pp.  221-223. 
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7.  Observations  of  weathering  effects  in  quarries  or  outcrops  are 
recommended  as  of  great  practical  value. 

8.  Tests  may  be  made  of  the  comparative  rapidity  of  tarnish  when 
the  sulphides  are  exposed  to  the  fumes  of  bromine  or  fuming  nitric 
acid. 

BESEABOHES  OF  STOKES. 

Stokes  ^  verifies  Julien  in  some  respects  and  differs  from  him 
in  others.  He  asserts  that  in  general  marcasite  oxidizes  more  readily 
than  pyrite,  though  finely  divided  or  porous  specimens  of  either 
decompose  rapidly.  Mixtures  of  marcasite  and  pyrite  decompose 
readily,  probably  owing  partly  to  porosity  and  partly  to  electro- 
chemical action  between  the  two. 

Attention  is  dbected  to  the  fact  that  the  presence  of  various 
impurities,  such  as  quartz  or  silicates,  may  lower  the  specific  gravity 
of  pyrite.  Density  alone  therefore  is  not  a  sure  method  of  detecting 
the  presence  of  marcasite  in  pyrite  unless  the  absence  of  all  other 
impiurities  is  known. 

The  author  also  casts  some  doubt  on  JuUen's  claim  that  most 
isometric  crystals  contain  appreciable  amounts  of  marcasite.  Al- 
though exceptional  specimens  may  contain  marcasite,  most  isometric 
crystals  are  piu*e  pyrite,  and  orthorhombic  crystals  pure  marcasite. 

METHODS  OF  DETERMINING  STABILITY  OF  SULPHIDES. 

Whether  a  low  density  is  to  be  attributed  to  the  presence  of  mar- 
casite or  to  some  other  impurities  is  of  Uttle  consequence  to  the  stone 
man.  The  important  poiat  supported  by  both  authors  is  that  speci- 
mens of  low  density  are  prone  to  decomposition.  Granular  or  porous 
specimens  are  hkewise  easily  oxidized. 

It  would  seem  that  by  making  observations  and  tests  as  sug- 
gested by  JuUen  a  fair  conception  coidd  be  gained  of  the  probable 
stabihty  of  the  sulphides  present,  and  therefore  of  the  adaptabiUty 
of  the  marble  for  exterior  structural  purposes.  A  microscopic  ex- 
amination is  of  value  ^  indicating  whether  the  sulphides  are  present 
as  crystals  or  in  porous  or  granular  form.  Crystal  form  and  specific 
gravity  are  the  physical  properties  that  seemingly  give  the  most 
definite  information.  The  most  reUable  information  may  be  ob- 
tained from  observing  structures  made  of  sulphide-bearing  marble 
that  have  stood  for  many  years  exposed  to  weathering.  If  such  ob- 
servations can  not  be  made,  chemical  tests  may  be  substituted.  The 
condition  of  sidphides  in  the  quarry  wall  or  ledge  may  give  less  reUable 
information.     Eepeated  attacks  of  circulating  ground  water  contain- 

o  stokes,  H.  N.,  On  pyrite  and  marcasite:  U.  8.  GeoL  Surv.  Bull.  IS6, 1901,  SO  pp. 
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iQg  active  solvents  may  decompose  the  sulphides,  although  in  the  dry 
wall,  or  exposed  only  to  the  action  of  rain  water,  they  may  last  in- 
definitely ¥dthout  sign  of  decomposition. 

THE  USES  OF  SULPHIDE-BEARINO  MARBLES. 

Although  it  is  true  that  iron  sulphide  is  not  necessarily  injurious 
in  marble,  it  should  be  carefully  avoided  in  the  selection  of  stone  for 
exterior  uses  imless  good  evidence  has  been  obtained  that  stains  will 
not  result.  For  interior  structural  or  ornamental  purposes,  however, 
sulphide-bearing  marbles  may  be  used.  In  some  structures  the  yel- 
low bands  and  patches  of  pyrite  have  produced  beautiful  effects  in 
polished  surfaces. 

snjcA. 

ORIOIN   OP   SILICA   IN  MARBLE  DEPOSITS. 

SiUca  may  be  an  original  constituent  of  the  marble  mass.  Marble 
is  formed  chiefly  from  an  accumulation  of  calcareous  remains,  which 
have  been  crushed,  folded,  and  recrystallized  to  a  greater  or  less 
degree.  It  is  well  known  that  certain  marine  organisms,  such  as 
diatoms  and  some  varieties  of  sponges,  have  sUicious  skeletons.  An 
accumulation  of  such  shells  woidd  form  masses  of  sihca.  The  occur- 
rence of  fliQt  balls  in  chalk  cliffs  is  ascribed  to  this  cause.  The  sihca 
may  appear  in  straight  or  lenticular  bands  or  knots. 

Van  Hise*  claims  that  as  most  of  the  organic  sihca  is  in  soluble 
form  it  is  dissolved  and  later  reprecipitated  as  chert.  He  empha- 
sizes the  strong  tendency  in  minerals  to  segregate  during  the  process 
of  deposition  from  solution,  and  ascribes  to  this  cause  the  occurrence 
of  the  chert  in  knots  and  lenses.  The  larger  and  more  persistent 
bands  may  consist  of  silicious  matter  in  its  original  form.  The 
occurrence  in  concentrated  masses  may  bo  due  to  the  tendency  of 
marine  organisms  to  live  in  colonies. 

Conditions  favoring  the  propagation  of  sihcious-sheUed  organisms 
probably  prevailed  over  a  wide  area  at  the  same  time.  If  therefore 
silicious  lenses  are  found  in  a  certain  bed  in  a  marble  quarry,  in  all 
probabihty  they  are  characteristic  of  that  bed  over  a  wide  area. 

Silica  may  also  be  introduced  into  marble  beds  at  a  later  stage  in  the 
history  of  the  deposit.  Water  that  percolates  through  fissures  in  the 
mass  may  contain  small  quantities  of  sihca  in  solution,  and  this 
material  may  be  precipitated  in  cracks  and  cavities.  Sihca  in  this 
form  will  tend  to  follow  the  unsoimdness,  and  may  even  effectually 
seal  up  the  fractiu*es. 

a  Van  HJse,  C.  R.,  A  treatise  on  metamorphism:  U.  S.  Geol.  Surv.  Hon.  47, 1904,  p.  817. 
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DETRIMENTAL  EFFECTS  OF  SILICA  IN  MABBLE. 

Silica  is  at  least  twice  as  hard  as  ordinary  marble,  and  in  conse- 
quence its  presence  greatly  retards  channeling,  drilling,  or  sawing  and 
is  injurious  to  tools,  especially  wire  saws.  A  Sint  ball  may  diyert 
the  saw  cut  to  one  side  or  may  impede  or  entirely  prevent  cutting. 
Moreover,  the  unequal  hardness  presented  by  the  siu^ace  of  a  flinty 
marble  makes  it  difficult  to  obtain  uniformity  of  finish  under  the 
buflfer. 

The  presence  of  sUica  usually  detracts  from  the  appearance  of 
marble.  The  flinty  or  cherty  mass  as  a  rule  differs  from  the  marble 
in  color  or  texture  and  thus  constitutes  a  blemish  comparable  with 
that  produced  by  the  presence  of  a  knot  in  an  otherwise  uniform  stick 
of  timber. 

SnJCATED  MARBLES; 

Silicated  marbles  are  those  that  contain  silicates  such  as  pyroxenes, 
amphiboles,  mica,  or  chlorite.  Such  silicates  may  result  from  the 
combination  of  silica  with  the  calcium  or  magnesiimi  of  the  marble, 
with  the  escape  of  carbon  dioxide.  Marbles  containing  interbedded 
silicates  may  also  be  included  under  silicated  marbles,  although  none 
of  the  sUicates  may  have  been  derived  from  the  marble. 

Interbedded  silicates  may  originate  from  day  beds  in  the  original 
limestone.  Clay  brought  down  by  rivers  may  be  interbedded  in 
limestone  deposits  formed  near  the  shore.  The  process  of  metamor- 
phism  that  changes  the  limestone  into  marble  has  a  pronounced 
effect  on  the  interbedded  clay.  Ordinarily  it  is  altered  into  mica 
and  chlorite.  The  resulting  marbles  will  therefore  contain  bands 
of  these  minerals.  In  marbles  that  have  undergone  a  limited  amount 
of  folding  and  deformation  the  mica  and  chlorite  bands  wUl  remain 
conformable  with  the  original  bedding.  Such  bands  may  constitute 
definite  bedding  planes  separating  beds  of  pure  marble.  In  such 
form  they  are  not  serious  imperfections  and  may  even  assist  the 
process  of  quarrying.  If  deformation  has  been  more  intense  the 
mica  and  chlorite  may  be  scattered  throughout  the  marble  mass  as  a 
dark  banding.  Although  serviceable  for  certain  purposes,  in  general 
a  clouding  or  banding  detracts  considerably  from  the  market  value 
of  the  stone. 

The  formation  of  silicates  by  combination  of  silica  with  the  cal- 
cium and  magnesium  of  the  marble  has  usually  been  accomplished  by 
intense  metamorphism.  Dolomitic  marbles  may  contain  crystals 
of  tremolite,  a  silicate  of  calcium  and  magnesium.  Most  of  the 
crystals  are  white  with  a  silky  luster,  have  a  characteristic  diamond- 
shaped  cross  section,  and  are  much  harder  than  marble.  They  may 
be  microscopic  in  size  or  may  attain  a  length  of  2  inches.    They 
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break  out  easily  and  consequently  are  serious  imperfections  when  of 
large  size.  White  mica  is  a  common  silicate  in  marble.  Its  presence 
tends  to  make  the  rock  more  easily  cleavable,  as  the  plates  are  usually 
parallel  with  the  grain.  WoUastonite,  diopside^  ohvine,  and  tour- 
maline are  other  common  siUcates  occurring  in  marbles. 

DOLOMITE  IN  MARBLE. 

A  marble  that  consists  of  pure  dolomite  is  harder  and  more  resist- 
ant to  weathering  than  one  consisting  of  pure  calcite.  Thus  a  marble 
consisting  of  dolomite  may  be  no  less  valuable  than  one  consisting  of 
calcite.  As  there  is  a  marked  difference  in  solubihty  and  hardness 
between  the  two  minerals,  a  marble  composed  of  alternating  masses 
of  calcite  and  dolomite  is  undesirable.  If  dolomite  is  present  in 
lenses  or  bands,  unequal  weathering  will  result  and  produce  a  non- 
imiform  surface.  There  is  also  the  probabiUty  of  differences  in  tex- 
ture, color,  or  susceptibility  to  polish  between  the  two  minerals. 
Although  pure  dolomite,  or  intimate  mixtures  of  dolomite  and  cal- 
cite, are  not  to  be  regarded  as  inferior  types  of  marble,  heterogeneous 
mixtures  in  the  form  of  lenses,  knots,  or  bands  are,  for  the  above 
reasons,  undesirable. 

UNDESntABLE  COLORS. 

Marbles  may  have  various  colors  or  combinations  of  colors,  many 
of  which  are  attractive  for  decorative  purposes.  The  colors  may  be 
permanent  or  they  may  change  after  exposure  to  sunhght  or  weather. 
The  fading  of  an  attractive  color  is  undesirable.  Vogt  **  states  that 
certain  Norwegian  blue  marbles  fade  after  five  years'  exposure  to  the 
light.  Marbles  from  various  other  localities  are  known  to  fade  per- 
ceptibly after  exposure  to  sunlight  for  a  number  of  years.  As  marble 
is  usually  chosen  for  its  inherent  attractiveness,  color  is  one  of  its 
chief  assets,  and  if  the  color  changes  the  rock  may  no  longer  be  of 
value.  Occasionally  exposure  to  the  weather  improves  the  color  of 
a  marble,  but  as  a  rule  permanence  of  original  color  is  to  be  desired. 

The  origin  of  some  undesirable  shades  of  color  may  be  easily  deter- 
mined. Black  and  gray  shades  are  usually  due  to  the  presence  of 
carbon.  Red  and  brown  shades  may  be  due  to  manganese  oxide 
(MnO)  or  to  hematite  (FejOg).  Cream  and  yellow  colors  are  caused 
by  the  presence  of  fine  particles  of  hydrous  iron  oxide,  limonite 
(2Fe308.3H20).  If  pyrite  is  present  in  a  marble  its  appearance  may 
be  attractive  when  the  marble  is  first  quarried,  but  may  give  rise  to 
stains  from  subsequent  oxidation.  Green  colors  may  be  due  to  seri- 
cite,  chlorite,  epidote,  actinolite,  chrome  mica,  diopside,  or  serpentine. 

Certain  other  shades  of  color  are  of  obscure  origin.  Some  variations 
in  color,  though  slight,  may  detract  immensely  from  the  market  value 

a  Vogt,  7.  H.  L.,  Norsk  mannor,  KristiaiiJa,  1897,  p.  354. 
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of  the  rock.  A  white  marble  commonly  shades  off  into  a  lifeless  gray. 
This  may  be  due  to  imperfect  recrystallization  of  the  gray  rock^  which 
may  therefore  be  classed  as  a  limestone  rather  than  a  marble.  In 
other  deposits  an  attractive  white  may  fade  into  an  inferior  bluish 
white.  Lenses  and  bands  of  the  bluish  material  may  pass  irregularly 
through  the  white,  and  thus  occasion  excessive  waste,  or  necessitate 
classifying  the  marble  in  a  lower  grade.  The  reason  for  this  bluish 
coloration  is  unknown;  some  impurity  in  minute  quantities  or  some 
peculiarity  of  crystallization  may  be  the  cause. 

During  the  process  of  limestone  formation  there  is  a  tendency  for 
similar  conditions  to  prevail  over  a  wide  area  at  the  same  time.  As 
a  consequence  colors  due  to  substances  that  are  original  constituents 
of  the  marble  tend  to  exhibit  a  minimum  variation  in  different  parts 
of  the  same  bed  and  a  maximum  variation  in  passing  from  one  bed 
to  another.  It  is  usually  found  that  certain  beds  in  a  marble  deposit 
give  more  attractive  colors  than  other  beds,  and  that  each  bed 
exhibits  more  or  less  constancy  of  color.  The  variation  from  white 
to  bluish  white  in  different  beds  may  be  pronounced,  though  less 
marked  variations  have  been  noted  in  different  parts  of  the  same  bed. 
If  marble  of  a  particularly  pleasing  color  appears  in  a  certain  bed, 
there  is  much  greater  probabiUty  of  finding  more  of  the  same  material 
by  following  the  original  bed  than  by  seeking  for  it  in  other  strata. 

fisshiXTy. 

In  certain  marble  deposits  numerous  parallel  cleavage  planes  have 
been  developed.  They  may  be  so  closely  spaced  that  Uttle  serviceable 
marble  can  be  obtained.  According  to  Becker,  **  cleavage  in  rocks  is 
due  to  a  weakened  cohesion  along  planes  of  maximum  tangential 
strain  (or  maximum  slide).  The  process  of  folding,  which  is  so 
common  in  marble  beds,  undoubtedly  causes  intense  strains,  which 
may  develop  a  cleavage  or  fissility  in  the  marble.  Marbles  that  are 
fissOe  have  probably  been  subjected  to  profound  metamorphism. 
The  same  author*  points  out  that  crystals  tend  to  grow  in  the 
direction  of  least  resistance,  and  hence  mica  plates,  so  common  in 
easily  cleavable  marble,  tend  to  grow  parallel  with  the  planes  of 
schistosity.  Thus  the  mica  may  further  facilitate  the  cleavage. 
The  presence  of  much  muscovite  (white  mica)  parallel  with  the 
cleavage  planes  in  several  fissile  marbles  has  been  noted. 

Marble  with  a  certain  degree  of  fissility  may  be  used  if  cut  in  slabs 
parallel  with  the  cleavage.  There  is  a  probabiUty  of  great  waste, 
however,  and  as  a  rule  such  deposits  should  be  avoided. 

o  Becker,  O.  F.,  Experiments  on  schistosity  and  slaty  cleavage:  U.  S.  QeoL  Surrey  Bull.  241, 1904»  p.  11. 
b  Becker,  O.  F.,  Op.  cit.,  p.  22. 


THE   IMPERFECTIONS   OF   MARBLE.  37 

DBVBOTS  IN  TKZTUKB  AND  STATE  07  AGOBEGATION. 

Uniformity  of  texture  is  an  important  requisite  of  a  marble.  A 
noticeable  variation  in  the  size  of  grain  from  point  to  point  detracts 
greatly  from  its  appearance.  Moreover,  different  textures  decompose 
at  different  rates,  and  therefore  nonuniform  marble  will  tend  to 
weather  and  decay  in  an  unequal  manner,  and  to  produce  a  pitted 
and  uneven  surface. 

Marbles  vary  greatly  in  size  of  grain.  Most  of  the  fine-grained 
marbles  are  more  durable  than  the  coarse  grained.  As  pointed  out 
by  Dale,"  acid  water  travels  more  rapidly  between  coarse  than  be- 
tween<fine  grains.  For  all  exterior  structural  purposes,  therefore, 
fine-grained  marble  ia  to  be  preferred. 

Aside  from  its  durability,  the  fine-grained  marble  offers  other 
advantages.  It  usually  takes  a  better  polish  than  coarse-grained 
material.  Moreover  it  is  as  a  rule  better  adapted  for  intricate  cutting 
or  carving,  though  some  of  the  coarse-grained  marbles  of  Georgia 
carve  well. 

The  percentage  of  pore  space  is  variable  in  marbles  from  different 
localities.  In  no  marbles  are  the  crystals  so  firmly  cemented  together 
that  no  pore  space  exists,  though  in  somQ  specimens  it  is  small. 
Pores  permit  the  infiltration  of  water,  which  affects  the  marble  in 
two  ways.  Rain  water  may  contain  carbon  dioxide  or  other  solvents 
that  hasten  the  decay  of  the  rock.  Water  in  the  pores  may  freeze 
in  cold  climates  and  thus  cause  disintegration.  Hence,  low  porosity 
is  desirable  in  marbles  for  exterior  uses. 

However,  a  marble  should  not  be  condemned  simply  on  the  basis 
of  percentage  of  pore  space.  A  rock  of  low  porosity  may  under  cer- 
tain conditions  decompose  more  readily  than  one  of  much  higher 
porosity  but  having  a  different  type  of  pores,  as  explained  in  the 
following  paragraph: 

The  rate  of  solution  of  marble  by  circulating  water  depends  on  the 
nature  of  the  solution  and  the  rate  of  circulation.  The  nature  of  the 
solution  depends  on  environment,  and  not  on  any  inherent  pecuhar- 
ities  of  the  marble  itself,  except  in  so  far  as  the  solution  is  modified 
by  substances  dissolved  during  its  passage  through  the  rock.  The 
rate  of  circulation,  however,  depends  largely  on  the  nature  of  the 
pores*  If  the  pores  are  isolated  from  each  other  by  walls  of  rock, 
circulation  must  be  slow.  If,  on  the  other  hand,  they  are  connected 
by  open  channels,  free  and  rapid  circulation  is  possible.  The  rate  of 
circulation  depends,  therefore,  rather  on  permeabiUty  than  on  per- 
centage of  porosity.  The  permeability  of  marble  may  be  tested  by 
investigatiag  the  rate  of  flow  of  water  forced  through  it  under  pres- 

a  Dale,  T.  N.,  Tbe  oommeroial  marbles  of  weBtem  Vemumt:  U.  S.  Oeol.  Sorv.  Ball.  521, 1912,  p.  37. 
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sure  as  described  by  Parks,^  or  it  may  be  tested  by  the  distance 
to  which  colored  aiialine  dyes  will  pass  into  the  rock  in  a  given  time. 
Natiirally  those  marbles  of  high  permeability  are  imdesirable  for 
exterior  work. 

In  cold  climates  the  effect  of  frost  on  exposed  marble  may  materi- 
ally increase  the  rate  of  decay.  Although  low  porosity  midoubtedly 
tends  to  diminish  the  danger  of  deterioration  through  frost  action, 
the  effects  pf  frost  are  not  proportional  to  the  percentage  of  pore 
space.  As  shown  by  Buckley ^^  the  effect  of  frost  on  a  stone  depends 
on  the  rapidity  with  which  the  stone  gives  up  its  included  water. 
Parks  ^  in  commenting  on  tins  statement  brings  out  the  following 
facts:  The  injury  is  caused  by  the  expansion  resulting  when  water 
changes  into  ice.  If  the  pores  are  fidl  of  water,  expansion  must  cause 
disintegration  of  the  rock,  but  if  the  pores  are  only  partly  full,  expan- 
sion may  take  place  without  rupture  of  the  pore  walls.  Capillarity 
may  keep  many  of  the  finer  pores  full  of  water,  whereas  air  in  the 
larger  cavities  prevents  complete  filling.  It  is  evident,  therefore,  that 
a  stone  having  a  large  proportion  of  fine  pores  is  in  greater  danger  from 
frost  than  one  in  which  the  proportion  of  fine  pores  is  lower.  In  cold 
clunates,  therefore,  numerous  fine  pores  are  imdesirable  in  marble 
that  is  to  be  exposed  to  the  weather. 

Porous  stones  readily  coUect  dust  particles  and  therefore  become 
dirty  much  more  rapidly  than  compact  varieties.  Porous  stone 
shoiild  therefore  never  be  used  if  it  is  to  be  exposed  to  excessive 
smoke  or  dust. 

In  sawing  porous  marbles  sand  must  be  used  as  abrasive. 
Although  crushed  steel  cuts  more  rapidly,  it  may  enter  the  pores,  and 
later  scratch  the  slab  during  the  process  of  polishing,  or  may  by 
rusting  cause 'serious  stains. 

The  strength  of  a  marble  depends  in  part  on  the  state  of  aggregation 
of  its  constituent  particles.  Marbles  in  which  the  particles  adhere  to 
one  another  with  great  tenacity  are  stronger  and  more  durable  under 
pressure  than  those  in  which  the  grains  are  loosely  coherent.  A 
remarkable  interlocking  of  crjrstals  has  been  noted  in  some  marbles, 
and  it  is  thought  that  such  a  condition  increases  their  crushing 
strength. 

a  Parks,  W.  A.,  Report  on  the  building  and  omamental  stones  of  Canada:  Can.  Dept.  Mlneii  roL  1, 
1912,  p.  61. 
b  Backley,  E.  R.,  Building  and  omamental  stones  of  Wisconsin:  Wis.  Sorv.  BulL,  4, 1806,  p.  22, 
c  Parks,  W.  A.,  Op.  dt.,  pp.  63, 64. 
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PBOSPBCTING  AND  DEVELOPING  MAKBLE  DEPOSITS. 

FB08FECTIN0. 

VALUE  OF  GEOLOGIO  BCAP8. 

Most  marble  beds  outcrop  in  long  and  narrow  bands,  which  may 
extend  for  many  m^es.  These  bands  represent  truncated  edges  of 
folds  in  the  rock  and  may  be  curved  or  stra^ht,  depending  upon  the 
topography  and  on  the  natiLre  of  the  fold.  Much  of  the  rock 
surface  may  be  covered  with  gravel,  sand,  or  clay  to  a  considerable 
depth.  The  geologist  may,  by  a  careful  study  of  outcrops  exposed 
here  and  there,  obtain  a  knowledge  of  the  chief  structural  features, 
and  may  thus  determine  the  position,  thickness,  and  attitude  of  the 
marble  beds  with  a  fair  degree  of  accuracy,  even  if  they  are  entirely 
hidden  by  surface  debris.  If  geologic  maps  of  marble  belts  are 
carefully  made  they  are  of  inestimable  value  to  the  marble  pros- 
pector. By  accurately  locating  himself  in  the  field  and  carefully  con- 
sulting a  geologic  map  the  prospector  may  determine  the  position  of 
marble  belts  beneath  the  soil  and  know  something  of  their  extent 
and  attitude  although  they  are  unseen.  It  is  important,  therefore, 
that  all  available  geologic  maps  of  the  region  be  consulted  freely. 

NEED  OP  DETAILED  PROSPECTING. 

Knowledge  of  the  suitability  of  any  particular  site  can  be  gained 
only  by  detailed  prospecting  including  a  determination  of  the  depth 
of  overburden  and  of  surface  alteration  of  the  rock  and  of  the  extent, 
quality,  impurities,  and  soundness  of  the  deposit.  It  is  extremely 
unwise  to  proceed  with  development  work  without  a  reasonable 
assurance  that  an  available  mass  of  sound  and  attractive  marble  is 
sufficiently  uniform  in  quality  and  abundant  in  supply  for  profitable 
exploitation. 

DETERMINATION  OF  OVERBURDEN. 

The  depth  of  stripping  necessary  may  be  determined  at  small  cost 
by  putting  down  driU  holes.  The  need  of  such  preliminary  tests  should 
be  recognized.  In  certain  instances  stripping  has  been  attempted 
without  any  previous  investigation  of  the  depth  of  soil  to  be  removed. 
The  great  loss  that  may  result  from  thus  working  blindly  may  be 
illustrated  by  one  particular  instance.  A  pit  opened  by  a  certain 
quarry  company  and  later  abandoned  is  60  by  80  feet  in  extent  and 
20  feet  deep.  To  make  such  a  pit  required  the  removal  of  approxi- 
mately 3,550  cubic  yards  of  soil,  which,  at  an  average  cost  of  25 
cents  per  cubic  yard,  would  have  cost  $887.  The  only  purpose  this 
pit  actually  served  was  to  show  the  owners  that  the  stripping  was  too 
deep  to  make  quarrying  at  this  point  profitable.    The  same  informa- 


40  TECHNOLOGY   OF   MABBLE   QUABBTING. 

tion  could  have  been  obtained  by  projecting  two  drill  holes  each  25 
feet  deep.  At  the  ordinary  cost  of  rock  drilling,  $2  per  foot,  the  cost 
woidd  have  been  only  $100,  a  saving  of  $787. 

In  estimating  the  necessary  cost  of  stripping  for  a  new  quarry  the 
attitude  of  the  marble  beds  must  be  taken  into  account.  If  the  beds 
are  flat  a  greater  area  of  rock  must  be  uncovered  than  if  they  are 
steeply  inclined  or  vertical. 

Naturally  conditions  relating  to  disposal  of  stripping  are  of  great 
importance.  In  certain  places  it  is  a  matter  of  some  difficulty  to  find 
a  suitable  place  in  which  to  deposit  the  soil  that  must  be  removed; 
in  other  places  the  soil  may  be  carried  to  neighboring  valleys  or  low- 
lying  areas. 

SURFACE  STUDY  INSUFFICIENT. 

Surface  observations  are  of  great  value,  especially  as  regards  joint- 
ing. The  process  of  weathering  tends  to  emphasize  all  unsoundness 
and  thus  faciUtates  the  study  of  joint  systems.  Exposed  surfaces 
may  also  permit  a  determination  of  dip  and  strike  and  the  thickness 
of  the  beds. 

In  determining  the  quahty  of  a  marble  deposit  a  study  of  uncov- 
ered knobs  or  ledges  should  not,  however,  be  deemed  sufl5cient.  On 
account  of  surface  weathering  the  top  rock  may  differ  materially 
from  the  deeper  parts  of  the  deposit.  Moreover,  the  number  and 
spacing  of  joints  at  the  surface  may  be  no  indication  of  the  prevailing 
conditions  at  depth.  Before  the  prospective  quarry  operator  installs 
expensive  derricks  and  hoisting  machinery  and  purchases  channeling 
machines  and  drills  he  should  have  a  fair  idea  of  the  quality  and 
soimdness  of  the  marble  and  the  supply  available.  In  order  to 
obtain  this  knowledge  drill  cores  should  be  taken  at  several  points. 

DIAMOND-DRILL  PROSPEOTINO. 

The  ordinary  diamond  drill  will  give  the  necessary  information 
r^arding  color,  uniformity,  and  general  appearance  of  the  stone, 
and  also  the  extent  of  the  formation.  It  will  not,  however,  give 
definite  information  concerning  the  dip  and  the  strike  or  the  unsound- 
ness of  the  marble.  If  drill  cores  come  out  in  long,  unbroken  sec- 
tions which  show  no  indication  of  cracks,  it  may  be  assmned  that 
the  rook  is  fairly  sound.  If,  on  the  other  hand,  the  core  is  in  short 
sections,  the  rotation  of  the  drill  will  in  most  cases  have  so  worn 
and  rounded  the  broken  ends  that  it  will  be  impossible  to  determine 
whether  the  breaks  are  due  to  natiural  planes  of  weakness  in  the 
rock  or  to  the  process  of  drilling  itself. 
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MECHANISM  OF  THE  DOUBLE  COBE-BARBEL  DRILL. 

A  method  of  prospect  drilling  that  has  been  employed  by  at  least 
one  operator  involves  the  use  of  the  double  core-barrel  drill  that  was 
designed  primarily  for  drilling  bituminous  coal,  and  operates  in  such 
a  manner  as  to  bring  out  a  core  from  a  delicate  material  with  a 
miTiiTmiTTi  of  breaking  or  other  damage.  The  drill,  shown  in  Plate  II, 
consists  of  an  outer  and  an  inner  tube.  The  outer  is  attached  to  the 
drill  rod  by  means  of  the  core-barrel  plug,  and  is  rotated  the  same 
as  the  cutting  tools.  The  inner  tube  is  suspended  by  a  ball-bearing 
plug  at  the  top  and  centered  by  a  ball  bearing  near  the  bottom. 
Thus,  while  th  e  outer  tube  revolves,  the  inner  tube  which  carries  the  core 
ring  or  lifter  at  its  lower  end  remains  stationary.  The  core  passes  up 
through  the  bit  into  the  inner  barrel,  where  it  is  protected  from  fric- 
tion from  the  rotating  parts,  and  from  the  washing  action  of  the 
water.  An  ample  water  supply  is  provided  between  the  two  tubes. 
The  purpose  of  the  inner  tube  is  to  hold  the  core  as  immovable  as 
possible,  and  thus  to  prevent  the  wearing  or  rubbing  of  the  broken 
ends.  Although  the  core  does  not  revolve  after  it  passes  through 
the  core  lifter  into  the  inner  tube,  the  principle  of  cutting  and  the 
action  of  the  bit  on  the  core  until  after  it  passes  into  the  inner  tube 
are  just  the  same  as  with  the  single-barrel  drill.  Therefore,  if  a  natural 
parting  is  encountered  in  the  rock,  or  if  for  any  reason  the  core  is 
broken  off,  it  is  liable  to  be  rotated  somewhat  before  it  gets  into  the 
inner  tube.  If  the  core  breaks  obliquely  the  danger  of  rotation  is 
minimized.    Cores  should  be  at  least  2^  inches  in  diameter. 

VALUE  OF  DOUBLE  COBE-BABBEL  DBILL  TO  FBOSPECTOB. 

The  use  of  a  drill  like  that  described  enables  the  prospector  to 
judge  the  unsoundness  of  the  marble  at  points  beneath  the  surface. 
If  one  examines  carefully  the  ends  of  the  sections  of  drill  core  one 
can,  almost  without  exception,  interpret  the  breaks,  and  state 
whether  they  are  due  to  natural  joint  planes  in  the  rock  or  to  the 
process  of  drilling.  If  the  cores  are  properly  oriented,  the  proximity 
and  direction  of  all  natural  cracks  in  the  rook  in  the  immediate  vicin- 
ity of  the  drill  holes  may  thus  be  ascertained. 

If  the  marble  deposit  is  well  exposed,  the  dip  and  the  strike  may 
be  determined  from  examination  of  the  outcrops.  If,  however,  it  is 
completely  buried,  these  features  may  be  determined  from  the  drill 
cores  if  they  are  carefully  oriented. 

16207**— Bull.  106—16 i 
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DBILLINO  THE  HOLES. 
NXTMSROUS  HOLBB  UNDESIRABLE. 

Information  should  be  obtained  with  a  TniniTniim  number  of  drill 
holes.  In  this  respect  prospecting  for  marble  differs  materially 
from  prospecting  for  metalliferous  ores.  As  regards  metalliferous 
ore,  the  soundness  of  the  ore  is  not  important,  whereas  with  the  marble 
every  crack  or  cavity  increases  the  proportion  of  waste  in  the  quarried 
product.  A  drill  hole  in  a  quarry  ia  quite  as  objectionable  as  a  crack. 
If  the  deposit  lies  flat  or  nearly  so,  a  single  well-placed  core  driven 
entirely  through  the  deposit  will  give  information  as  to  the  character 
of  the  marble,  and  show  whether  it  is  one  homogeneous  mass,  or  is 
divided  by  streaks  of  color  or  open  beds  into  different  layers,  and 
whether  the  layers  differ  in  character  one  from  the  other. 

FBOSPBCmNO  THICK  BEDS  DIPRNO  AT  A  MODERATE  ANOLB. 


» 


If  the  deposit  dips  at  a  moderate  angle  and  is  comparatively  thick, 
the  best  way  to  determine  its  thickness  and  the  character  of  its  beds 
is  to  lay  out  a  line  of  drill  holes  at  right  angles  to  the  strike.  The  first 
drill  hole  that  penetrates  the  upper  beds  should  begin  in  the  hanging 
wall,  a  name  given  to  the  bed  immediately  overlying  the  marble 
band.  The  holes  should  be  of  such  depth  and  spacing  that  the  bot- 
tom of  a  hole  in  the  upper  beds  will  penetrate  the  same  layer  as  the 
top  of  the  neighboring  hole  on  the  side  toward  the  f  ootwaQ.  The  core 
nearest  the  footwall  should  reach  and  penetrate  this  wall.  By  this 
method  a  series  of  core  holes  of  moderate  depth  will  supply  samples 
from  all  the  beds,  and  the  relatively  high  cost  of  drilling  deep  holes 
will  be  avoided.  The  same  information  cotdd  be  obtained  by  drilling 
one  hole,  starting  at  the  hanging  wall  and  penetrating  the  entire  deposit 
to  the  footwall,  but  the  cost  w^uld  probably  be  much  higher. 

DETERMINATION   OF  DIP  AND  STRIKE  FROM  DRILL  CORES. 

If  the  marble  has  at  any  time  been  subjected  to  severe  stresses,  and 
has  been  sufficiently  plastic  to  flow  freely  imder  the  pressure,  the  origi- 
nal distribution  of  color  may  be  so  disturbed  that  it  no  longer  beai^ 
any  well-defined  relation  to  the  bedding.  Ordinarily,  however,  the 
direction  of  veining  or  clouding  is  approximately  parallel  with  the 
bedding.  A  vertical  core  may  therefore  enable  the  prospector  to 
determine  the  average  angle  of  dip  of  the  marble  if  he  measures  the 
angle  at  which  the  streaks  of  color  or  the  grain  of  the  rock  traverses 
the  core  itself. 

If  access  to  the  surface  of  the  marble  can  be  obtained  before  the 
core  is  started,  the  direction  of  strike  may  also  be  determined  from  a 
single  vertical  core  by  orienting  the  upper  part  of  the  core  as  it  was 
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before  drilling,  and  then  by  carefully  matching  the  successive  pieces. 
If  the  surface  is  inaccessible  three  cores  distributed  on  the  comers  of  a 
triangle  may  serve  to  determine  both  dip  and  strike,  provided  there 
are  well-defined  beds  that  may  be  matched  in  the  different  cores.  If 
a  sufficient  area  of  the  marble  is  stripped  the  strike  and  dip  can  be 
determined  by  direct  observation,  but  even  then  the  indications  of 
the  core  may  be  of  value,  because  the  strike  and  the  dip  may  vary 
considerably  even  within  short  distances. 

ABRANOEMENT  OF  HOLES  TO  TEST  YABIi^TION  IN   QUAUTT. 

It  may  seem  desirable  to  test  the  uniformity  in  quality  of  marble 
in  the  same  bed  at  different  points  along  the  strike.  To  get  a  fair 
idea  of  any  variation  in  quality  it  is  weU  to  lay  out,  across  the  strike, 
two  parallel  Unes  of  holes,  300  to  1,000  feet  apart,  depending  on 
conditions.  Every  effort  should  be  made  to  locate  the  two  lines  of 
holes  so  that  each  core  in  the  second  line  will  come  from  the  same  part 
of  the  deposit  as  the  corresponding  core  of  the  first  line.  Thus,  fair 
conclusions  can  be  drawn  as  to  the  variation  in  quality  of  any  layer  of 
the  deposit  as  a  whole  from  point  to  point.  AU  drill  cores  should  be 
polished  on  one  side  in  order  to  facilitate  determination  of  color, 
uniformity,  and  degree  of  polish  that  may  be  obtained. 

As  core  drilling  is  rather  costly,  it  is  well  to  supplement  the  evi- 
dence of  the  cores  by  stripping  the  marble  along  each  line  of  holes. 
It  IB  wise  also  to  dig  an  occasional  trench  at  right  angles  to  each  line 
of  core  holes  so  as  to  expose  the  marble  to  some  extent  along  the 
strike. 

ARRANGEMENT  OF  HOLES  TO  DETERMINE  UNSOUNDNESS. 

A  marble  deposit  in  which  the  color,  texttire,  or  other  qualities  are 
highly  satisfactory  may  nevertheless  not  warrant  commercial  de- 
velopment because  of  joints.  Most  joints  occur  in  two  systems,  the 
cracks  in  each  system  being  approximately  parallel  with  each  other, 
and  the  two  systems  more  or  less  at  right  angles.  Occasionally  more 
than  two  systems  are  present.  The  spacing  of  the  cracks  is  subject 
to  wide  variation  in  different  deposits  and  even  in  different  parts  of 
the  same  deposit.  Near  the  siuface  the  cracks  are  usually  more 
numerous  and  more  irregular  than  at  depth.  Nearly  always  at  least 
two  systems  of  cracks  will  persist  with  more  or  less  prominence  to 
almost  any  depth  to  which  quarrying  operations  may  be  economically 
carried.  It  is  important  to  determine  as  early  as  possible  which  of 
the  cracks  that  appear  at  the  surface  are  likely  to  persist  and  also 
their  natiLre  and  spacing  in  the  deeper  parts  of  the  deposit. 

Most  of  the  cracks  are  nearly  vertical  and  also  nearly  at  right 
angles  to  the  bedding  of  the  marble,  few  cracks  deviating  from  a 
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right  angle  more  than  30^.  Hence,  a  vertical  core  taken  ont  of 
marble  that  is  rather  imsound  may  reveal  the  presence  of  few  of  the 
cracks.  Therefore,  a  vertical  hole  is  not  reliable  as  a  means  of  esti- 
mating the  imsoundness  to  be  encountered. 

Having  determined  by  any  means  available  the  systems  of  cracks 
that  will  probably  persist  at  depth,  the  general  compass  bearing  of 
each  system  should  be  determined.  A  series  of  core  holes  approxi- 
mately parallel  with  the  bedding  should  be  laid  out,  the  compass 
bearing  of  the  core  hole  being  such  that  it  will  intersect  both  systems 
of  cracks  at  approximately  the  same  angle.  A  core  projected  in 
such  a  direction  will  give  a  fair  estimate  of  the  imsoundness  present. 
It  also  results  in  an  obhque  break  in  the  core  wherever  it  crosses  a 
crack  of  either  system,  and  thus  makes  less  hkely  any  grinding  of 
the  ends  of  the  core  sections.  The  origin  of  a  fracture  may  be 
determined  with  reasonable  certainty,  because  a  freshly  broken 
surface  made  in  sound  marble  differs  materially  in  its  appearance 
from  the  surface  of  a  break  due  to  a  joint. 

It  is  important  to  take  cores  from  near  the  top,  from  near  the 
middle,  and  from  near  the  bottom  of  the  deposit,  because  the  un- 
soimdness  often  varies  in  different  beds  as  wc^  as  in  different  parts 
of  the  same  bed.  ^ 

If  the  marble  deposit  stands  at  a  high  angle,  one  set  of  core  holes 
driven  in  an  inclined  direction  and  penetrating  from  the  hanging 
wall  to  the  footwall,  or  the  reverse,  can  be  laid  out  so  as  to  give 
the  information  required  as  to  the  quality  of  the  stone  and  also 
the  unsoundness. 

It  is  practically  impossible  to  take  out  good  cores  that  are  repre- 
sentative of  the  deposit  from  horizontal  drill  holes.  The  core  from 
a  horizontal  hole  invariably  breaks  into  short  pieces,  which  grind 
on  each  other,  in  spite  of  the  use  of  the  double-core  barrel.  The 
core  hole  has  to  be  slightly  larger  than  the  outer  diameter  of  the 
core  barrel  in  order  to  permit  the  passage  of  water  and  slush  and 
also  to  prevent  binding  of  the  drill  in  the  hole.  As  a  result  the 
progress  of  the  drill  brings  a  considerable  weight  on  the  unbroken 
end  of  the  core,  and  as  soon  as  the  core  is  a  few  inches  long  it  breaks 
off.  The  break  occurrs  seemingly  at  the  bottom  of  the  hole,  the 
result  being  that  the  spring  clips  on  the  inner  core  barrel,  which 
are  supposed  to  hold  ^e  unbroken  end  of  the  core  and  thereby 
prevent  rotation  of  the  inner  core  barrel,  have  nothing  on  which 
to  hold.  During  the  time  that  the  drill  is  cutting  a  little  farther  in 
and  the  dips  are  getting  a  fresh  hold,  the  inner  core  barrel  rotates 
to  a  greater  or  less  extent,  so  that  the  core  ends  grind  on  each  other. 
Therefore,  if  the  marble  beds  he  flat  or  nearly  so,  unsoimdness  must 
be  prospected  for  by  inclined  core  holes;  otherwise  the  cores  will 
not  yield  the  information  desired. 
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ABRANOBMBNT  OF  THB  COBXB  OBTAINED. 

In  order  to  get  the  fullest  information  from  an  inclined  core  hole 
the  core  parts  should  be  matched  up  from  one  end  to  the  other,  and 
placed,  a  part  at  a  time,  on  an  inclined  rack  that  will  hol4  the 
core  in  a  position  parallel  with  the  hole  from  whidi  it  was  taken. 
While  the  core  is  in  this  position  the  compass  bearing  of  the  cracks 
and  also  the  angle  that  they  make  with  the  core  6ian  easily  be  deter- 
mined. From  this  information  a  plan  may  be  made  from  which 
the  probable  percentage  of  marble  unaffected  by  unsoundness  may 
be  computed  with  reasonable  accuracy. 

Before  an  inclined  core  is  started,  the  first  piece  should  be  marked 
so  that  it  can  be  laid  top  side  up  after  it  has  been  removed.  The 
dip  of  the  core  hole  should  be  slightly  different  from  the  dip  of  the 
beds  so  that  a  streak  of  color,  the  grain  of  the  marble,  or  any  other 
feature  parallel  with  the  bedding  will  traverse  the  core  ct  a  slightly 
oblique  angle.  With  such  a  method  of  drilling,  if  dean  right-angled 
breaks  occur,  one  piece  of  core  may  easily  be  matched  to  the  pre- 
ceding piece,  and  the  prospector  may  be  siu*e  that  he  has  the  entire 
core  properly  matched  from  one  end  to  the  other. 

YALOE  OF  THE  INIOBMATION  GAINED  FBOM  COBE8. 

From  a  careful  study  of  cores  taken  out  as  described  above, 
valuable  information  can  be  obtained  in  reference  to  the  imsound- 
ness  existing  at  some  depth  in  the  deposit.  It  will  often  happen 
that,  although  the  marble  appears  so  broken  at  the  surface  that 
profitable  operation  seems  impossible,  investigation  with  a  drill  in 
the  manner  above  described  will  reveal  the  fact  that  the  cracks  close 
and  disappear  to  such  an  extent  that  profitable  operation  may  be 
possible  after  the  top  rock  has  been  removed. 

A  later  section  discusses  the  advantages  of  quarrying  in  accordance 
with  unsoundness,  and  shows  that  a  knowledge  of  the  extent,  direc- 
tion, and  character  of  the  unsoundness  is  important  in  laying  out 
the  preliminary  opening  in  order  to  avoid  unnecessary  expense. 

COST  OF  MARBLE  PROSPBCTriNO . 

Prospecting  as  described  above  is  rather  costly.  The  average  cost 
of  double  core-barrel  drilling  by  contract  is  about  $3  per  lineal  foot. 
If  a  marble  company  has  sufficient  work  to  justify  owning  its  own 
drills  the  cost  can  be  considerably  reduced.  In  any  case  the  informa- 
tion desired  can  not  be  obtained  for  less  than  $5,000  to  $20,000. 
Many  marble  deposits,  however,  can  not  be  profitably  worked  except 
on  a  large  scale,  so  that  a  considerable  outlay  made  to  determine 
whether  conditions  are  favorable  is  money  well  expended. 
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PBBBBRYATION  OF  C0BB8. 

As  a  rule,  drill  cores  are  not  preserved  with  sufficient  care  by 
quarrymen.  They  are  often  carelessly  stored,  lost,  or  given  away  as 
samples.  It  is  important  that  every  part  of  every  drill  core  be 
carefully  marked  and  stored  for  future  reference.  It  must  not  be 
assumed  that  the  value  of  drill  cores  disappears  after  their  first 
investigation.  They  are  invaluable  records  which  should  be  available 
at  all  times. 

STBIPPINO. 
OEDINABT  METHODS  OF  STBIFPIKO. 

Most  marble  quarried  is  of  a  high  grade,  and  the  bulk  of  rock  re- 
moved is  small  in  comparison  with  the  quantity  handled  in  many 
quarries  where  rock  is  obtained  for  cement  or  road  construction.  As 
a  consequence  the  area  stripped  is  usually  not  great  enough  to  justify 
the  use  of  steam  shovels. 

When  the  surface  of  a  deposit  is  fairly  level,  teams  and  scrapers 
may  be  used  to  advantage.  Usually,  however,  the  overburden  of 
soil  is  so  placed  that  it  must  be  removed  by  means  of  large  pans  which 
are  loaded  by  hand,  and  handled  with  a  derrick  hoist.  In  order  to 
remove  the  soil  to  a  sufficient  distance  from  the  excavation,  cars  and 
tracks  may  be  necessary.  A  serviceable  car  for  this  purpose  is  shown  in 
Plate  III,  J..  Theloadedpanisplacedonthecarbymeansof  thequarry 
derrick.  Horizontal  iron  bars  on  the  undersurface  of  the  pan  are 
placed  in  the  iron  sockets  of  the  car.  These  trunniorfi  are  so  placed 
that  a  Uttle  more  than  half  the  weight  of  the  load  is  toward  the  rear 
end  of  the  car.  When  the  car  reaches  its  destination,  the  back  of 
the  pan  is  raised,  thus  overbalancing  the  load^  and  dumping  it  from 
the  front  of  the  car.  Where  soil  must  be  removed  to  a  great  distance, 
the  loaded  pan  may  be  dumped  into  railroad  or  cable  cars. 

INSUFFICIENT  REMOVAL  OF  STRIPPING. 

A  common  mistake  in  the  process  of  stripping  is  to  remove  the  soil 
and  waste  to  an  insufficient  distance  from  the  excavation.  The 
desire  to  attain  quick  results  at  small  expense,  and  lack  of  foresight 
regarding  the  probable  extent  of  futtu*e  operations  are  the  chief 
causes  of  insufficient  removal.  As  a  consequence,  quarrymen  may  find 
after  a  few  years'  operation  that  they  must  handle  material  a' second 
time,  thus  adding  greatly  to  the  expense  of  quarrying.  The  exten- 
sive marble  workings  of  Italy,  in  the  neighborhood  of  Carrara,  Massa, 
and  Seravezza,  are  greatly  hampered  by  accumtilations  of  rubbish 
which  have  buried  vast  quantities  of  good  marble.  The  market 
price  is  too  low  to  allow  the  removal  of  this  debris. 


OF  V»*STE  AND  STRIPPING. 


B.     TYPICAI.  EXAMPLE  or  STEAM  LEAKAGE  IN  A  QUARRY  TRANSMISSION  LINE. 


C    TRACK  SUPPORTED  IN  LEVEL  POSITION  FOR  "SAW-TOOTH"  FLOOR  CHANNELING. 
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'Lack  of  foresight  is  also  shown  at  some  quarries  where  quarrymen 
dump  their  waste  material  into  abandoned  excavations.  This  pro- 
cedure may  be  justifiable  if  there  is  no  probabiUt  j  that  the  pit  may  ever 
be  reopened.  The  practice  has  been  observed,  however,  in  places 
where  it  seemed  that  greater  success  would  have  been  attained  by 
going  deeper  in  the  old  pits  than  by  making  new  ones. 

WASTE  HEAPS  IMPEDING  FUTUBE  DEVELOPMENT. 

Another  mistake  in  the  disposition  of  waste  material  is  due  to  the 
inability  of  the  operator  to  foresee  the  direction  in  which  future 
operations  will  extend  his  quarry .-  As  regards  steeply  tilted  beds,  it 
is  obvious  that  if  excessive  depth  is  to  be  avoided  development  can 
take  place  only  in  the  direction  of  strike.  Nevertheless,  at  certain 
quarries  of  this  type  observed,  stripping  has  been  deposited  directly 
in  line  with  the  strike  of  the  beds,  and  thus  an  extension  of  the  quarry 
excavation  must  soon  overtake  a  great  heap  of  accumulated  debris. 

USB  OF  OVERHEAD  OABLEWAT  HOISTS. 

For  the  removal  of  both  soil  and  waste  rock  to  a  sufficient  distance 
to  avoid  interference  with  future  operations  an  overhead  cableway 
hoist  may  be  desirable.  At  one  quarry  at  which  such  a  cableway  is 
used  the  hoist  engine  is  mounted  on  a  truck  that  travels  on  a  curved 
track.  It  can  thus  be  shifted  to  strip  in  different  places.  Where 
difficulties  are  in  the  way  of  removal  of  stripping  by  derrick  or  car, 
the  advisability  of  adopting  a  cableway  system  may  be  considered. 

HTDBAULIO  STRIPPING. 

HydrauUc  stripping  is  employed  with  success  in  several  marble 
quarries.  There  are  certain  conditions,  however,  that  must  be  met 
in  order  that  hydraulic  stripping  may  be  successful  or  even  possible. 
Two  important  conditions  are  an  adequate  water  supply  and  easy 
drainage.  If  the  water  supply  is  obtained  from  drilled  wells  or  small 
streams  that  may  go  dry,  the  process  will  probably  fail. 

The  soil  removed  by  hydraulic  stripping  may  be  disposed  of  in 
several  ways.  It  may  be  carried  away  in  a  stream  vaUey  and  depos- 
ited naturally  at  various  points  along  the  course  of  the  stream.  In 
some  pla<^es,  however,  the  deposition  of  the  soil  along  the  stream 
valley  would  be  detrimental  to  agriculture  or  to  other  interests.  In 
that  event,  a  dam  may  be  built  forming  a  settling  basin.  In  certain 
operations,  surface  soil  is  conveyed  to  abandoned  quarry  pits.  With 
such  disposal  surface  drainage  is  also  necessary  in  order  to  get  rid  of 
accumulated  water.  Also  one  must  be  sure  that  there  will  bono 
future  desirability  of  reopening  the  pit,  as  reopening  would  not  be 
feasible  after  the  pit  was  once  fiUed  with  soil. 


48  TECHNOLOGY  OP   MARBLE  QUARBYING. 

In  certain  quarrieB  in  Geoij^a,  the  good  marble  is  underlaid  by 
a  hornblende  rock.  When  in  the  process  of  quarrying  the  hornblende 
rock  is  reached,  the  pit  is  abandoned,  and  can  then  be  used  as  a  set- 
tling basin  in  the  process  of  hydraulic  stripping. 

Those  who  have  had  experience  in  hydraulic  stripping  estimate 
that  the  cost  of  soil  removal  by  that  method  may  be  as  low  as  2 
cents  per  cubic  yard. 

OENEBAL  PLAN  OF  QT7ABBYINa. 
PBODUCnON   OF  UNIFOBM  GRADES  OF  MARBLE  DESIRABLE. 

Success  in  marble  quarrying  necessitates  an  adequate  supply  of 
uniform  material.  The  inherent  qualities  of  certain  marbles  win 
immediate  popularity.  With  other  types  it  has  been  found  that  by 
profusely  scattering  samples  and  following  them  with  structures  in 
various  localities,  public  taste  may  be  educated  to  demand  a  certain 
type  of  marble.  It  is  most  discouraging  for  a  quarryman  who  has 
won  popular  favor  to  find  that  he  can  no  longer  match  his  samples 
because  of  failure  of  the  deposit.  The  desirable  bed  may  have 
pinched  out,  or  insufficient  production  may  be  due  to  the  operator's 
inability  to  foresee  the  general  plan  of  quarry  development  that  ought 
to  have  been  followed.  If  the  desirable  bed  lies  flat  and  near  the  sur- 
face, extensive  stripping  is  necessary.  If  the  bed  is  inclined  and  the 
overlying  beds  are  too  unsound  to  permit  tunneling,  quarrying  must 
follow  along  the  strike  of  the  beds,  also  demanding  extensive  stripping. 
If  in  either  instance  th^  cost  of  stripping  is  excessive,  the  quarrying 
of  the  bed  must  be  abandoned. 

FACTORS  GOVERNING  PLAN  OF  DEVELOPMENT. 

The  most  successful  mode  of  operation  can  not  always  be  foreseen. 
Certain  geologic  factors,  however,  may  give  information  pointing  to 
the  most  logical  method  of  developing  the  deposit.  Three  chief  fac- 
tors are  the  attitude  of  the  beds,  the  depth  of  overburden,  and  the 
imiformity  of  the  product  in  a  given  bed  and  in  successive  beds,  and 
these  three  factors  are  intimately  related.  Before  operations  are  be- 
gun the  intelligent  prospector  will  determine,  in  a  general  way  at  least, 
the  necessary  depth  of  stripping,  the  dip,  and  the  strike  of  the  beds, 
and  the  uniformity  of  the  marble,  so  that  he  may  plan,  a  logical 
quarry  development.  The  influence  of  the  various  factors  on  the 
plan  of  operation  is  discussed  in  the  following  paragraphs. 

EFFECT  OF  ATTrTUDE  OF  BEDS  ON  PLAN  OF  QUARRYING. 

Most  marble  beds  are  situated  in  regions  of  extreme  foldings  and 
most  of  the  beds,  although  originally  flat,  are  tilted,  though  a  few  are 
level  or  nearly  so.    The  attitude  of  the  beds  is  of  great  importance  to 
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the  quarryman,  especially  if  the  yarious  heds  differ  from  each  other 
in  texture  or  color.  If  heds  are  inclined  at  a  moderate  angle,  either 
long  shallow  quarries  or  tunnels  must  he  made  in  order  to  keep  up 
the  supply  of  stone  from  a  particular  hed.  If  the  heds  are  steeply 
inclined  or  vertical,  either  long,  shallow  quarriee  involving  a  great 
area  of  stripping,  or  deep  quarries  with  their  associated  dangers  and 
expense  are  necessary.  If  the  strata  are  flat  and  the  desirable  bed  is 
near  the  surface,  a  wide,  shallow  quarry  results. 

It  is  clear  that  if  beds  lack  in  imiformity,  their  attitude  has  a  direct 
bearing  on  the  most  desirable  plan  of  quanying.  If,  however,  the 
bedduig  is  indistinct  and  a  number  of  contiguous  beds  are  uniform  in 
color  and  texture,  as  in  certain  quarries  in  the  Elnoxville  region  of 
Tennessee,  the  attitude  of  the  beds  has  a  minor  influence  on  the  type 
of  quarrying  to  be  employed. 

EFFECT  OF  OVERBUBDEN  ON  PLAN  OP  QUARRYING. 

If  the  marble  lies  in  approximately  horizontal  beds  of  limited 
thickness,  the  production  of  large  quantities  will  necessitate  the  strip- 
ping of  a  wide  area.  If  the  overburden  of  soil  or  superficial  waste 
rock  is  great,  the  cost  of  stripping  may  absorb  all  profit.  If  a  sufii- 
ciently  strong  roof  is  available,  extensive  stripping  may  be  avoided 
by  employing  tunnel  methods. 

As  reg{u*ds  flat-lying,  uniform  beds  of  great  thickness,  a  heavy  over- 
burden will  tend  to  promote  deep  quarrying,  whereas  a  Ught  over- 
burden will  encourage  the  development  of  wider  and  shallower  pits. 

If  the  beds  are  vertical  or  steeply  inclined,  a  heavy  overburden 
will  result  in  deep  quarrying  or  tunneling,  whereas  if  only  light  strip- 
ping is  necessary  a  greater  lateral  development  in  the  direction  of 
the  strike  is  possible. 

EFFECT  OF  UNIFORMITY  OF  PRODUCT  ON  PLAN  OF  QUARRYING. 

In  a  few  deposits  thick  beds  are  uniform  throughout.  However, 
in  many  niarble  regions  a  certain  bed  supplies  stone  of  better  quality 
than  the  beds  above  or  below  it.  Obviously  it  is  desirable  to  develop 
the  quarry  ia  such  a  maimer  as  to  obtain  a  maximum  supply  of  the 
high-grade  material.  The  shape  of  the  openiag,  whether  it  shall  be 
deep  or  shallow,  open  pit  or  tunnel,  depends  chiefly  on  the  attitude 
of  the  beds  and  the  depth  of  stripping  required.  Thus  one  may  see 
how  intimately  the  three  factors  of  attitude,  overburden,  and  uni- 
formity are  related,  and  how  necessary  it  is  that  they  be  understood 
before  development  is  attempted. 
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QUABET  OPERATIONS  AND  BQVIPMKNT. 

POWEB  PLANTS. 
TYPES   EMPLOYED. 

■ 

For  a  discussion  of  varioxis  power  plants  and  their  relative  advan- 
tages and  economies  the  reader  is  referred  to  the  work  of  Brunton  and 
Davis."  On  account  of  the  special  types  of  machinery  employed  in 
marble  quarrying,  some  additional  notes  bearing  particularly  on  this 
subject  are  given  herein. 

The  following  types  of  power  plants  have  been  observed  in  marble 
quarries  in  the  United  States:  (1)  Steam  only;  (2)  steam  for  chan- 
nelers  and  tripod  drills,  with  auxiliary  air  compressor  for  hand  drills; 
(3)  compressed  air  generated  by  steam  and  conducted  to  the  quarry 
by  pipe  line;  (4)  electricity  developed  by  steam;  (5)  compressed  air 
developed  by  purchased  electric  power  and  transmitted  to  the  quarry 
by  pipe  line;  (6)  purchased  electricity  transmitted  directly  to  the 
quarry;  (7)  hydroelectric  power  plants  owned  and  operated  by  the 
quarry  company,  the  electricity  being  transmitted  directly  to  quarry 
machinery. 

ADVANTAGES  OF  ELBOTBICrTY. 

The  superiority  of  electricity  over  any  other  form  of  power  for 
quarry  operation  has  lately  been  demonstrated.  This  superiority  is 
due  chiefly  to  the  recent  development  of  electrically  operated  machin- 
ery. The  electric  air  channeler  which  is  now  in  common  use  con- 
sumes on  an  average  only  10  horsepower  for  the  machine  itself, 
although  a  15-horsepower  motor  is  required  to  drive  it.  A  steam  or 
air  channeler  requires  a  steam  capacity  in  the  boiler  that,  if  applied 
to  an  economical  generating  imit,  would  develop  at  least  50  to  60 
horsepower.  The  difference  in  power  consmnption  between  the  elec- 
trical and  other  machines  is  due  partly  to  differences  in  transmission 
or  transformation  losses,  and  partly  to  the  higher  efficiency  of  elec- 
trical machinery  generally.  The  electric  air  channeler  is,  therefore, 
much  more  economical  of  power  for  the  same  results  than  the  other 
types. 

If  the  nature  of  the  rock  is  such  that  '' jackhamers"  ^  are  used  in 
lieu  of  other  types  for  quarry  drilling,  an  air  compressor  is  necessary. 
Should  a  direct-acting  electric  drill  be  produced  that  can  do  the 
work  of  a  jackhammer,  compressed-air  transmission  lines  might  be 
eliminated  from  the  quarry.  Such  a  drill  has  not  as  yet  been  devel- 
oped, at  least  not  in  a  practicable  form. 

o  Brunton,  D.  W.,  and  Davis,  J.  A.,  Safety  and  efficiency  In  mine  tunneling:  Bull.  67,  Bureau  of  ICInes, 
1914, 271  pp.,  6  pis.,  45  figs. 

b  Term  applied  by  the  maaofacturar  to  a  nonreciproeating  rock  drill,  worked  without  a  tripod,  and  pro- 
vided with  an  automatic  rotating  device.  The  word  is  also  spelled  "Jackhammer"  In  mining  literature. 
It  uses  hollow  steel  through  which  the  exhaust  air  passes  and  blows  the  cuttings  from  the  drill  hale. 
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Wire  is  a  more  convenient  means  of  transmitting  power  than  pipes 
or  hose.  Steam  requires  pipes  with  jSexible  joints  for  operating 
channeling  machines.  Steam  pipes  are  often  in  the  way  and  there 
is  considerable  loss  of  time  in  adjusting  them  in  proper  position. 
Compressed  air  may  be  transmitted  through  flexible  hose,  which  is 
more  easily  adjusted  than  steam  pipes,  but  transmission  by  wire  is 
more  convenient  than  either.  If  quarry  operations  are  carried  on 
in  timnels,  electricity  is  especially  desh'able.  A  network  of  pipes  is 
always  a  great  hindrance  to  quarry  operations. 

Moreover,  with  electrical  operation  the  percentage  of  loss  in  trans- 
mission can  be  determined  and  kept  within  small  limits.  With  either 
steam  or  air  there  is  a  continual  stru^le  with  leaks,  and  radiation 
and  transmission  losses  are  usually  excessive. 

SOUECE   OP  ELECTRIC   POWER. 

If  quarry  operations  are  extensive  and  sufficient  water  power  is  ^ 
within  easy  distance,  it  is  probable  that  a  hydroelectric  plant  owned 
and  operated  by  the  company  is  best,  although  the  first  cost  may 
be  high,  especially  if  large  dams  must  be  built. 

Uniformity  of  water  supply  is  an  important  factor.  H,  during 
certain  seasons,  the  water  supply  diminishes  and  it  thus  becomes 
necessary  to  construct  auxiliary  steam  plants  or  to  shut  down  oper- 
ations for  a  part  of  the  season,  a  hydroelectric  plant  is  of  doubtful 
advantage.  Moderate  variation  in  supply  may  be  overcome  by 
constructing  a  large  reservoir. 

In  central  Vermont  three  hydroelectric  power  plants  supply  most 
of  the  power  required.  Auxiliary  steam  plants  supply  additional 
power  in  times  of  low  water.  Transmission  lines  pass  along  the 
great  marble  valley  for  a  distance  of  62  miles.  Power  from  various 
supply  stations  is  turned  rate  these  lines  and  is  drawn  off  at  the 
quarries  and  mills  scattered  up  and  down  its  length.  The  power 
Une  is  comparable  with  a  great  reservoir,  into  which  water  is  pumped, 
and  from  which  it  is  drawn  off  by  pipe  lines  to  supply  various  needs. 

A  Colorado  marble  company  operates  a  hydroelectric  plant  with 
a  380-foot  head  of  water.  Pipes  are  laid  up  the  mountain  side  and 
intercept  streams  at  a  high  level.  Consequently  only  small  dams 
are  required.  Under  such  conditions  a  power  plant  can  be  estab- 
lished with  a  relatively  small  outlay  of  capital. 

If  electrical  power  can  be  obtained  from  a  power  company  oper- 
ating large  central  stations  at  a  cost  not  exceeding  IJ  cents  per 
kilowatt-hour,  it  is  probably  better  to  purchase  power  than  to 
erect  a  power  plant  at  the  quarry.  If  there  are  no  available  power 
lines,  or  if  electrical  power  costs  on  the  average  more  than  H  cents 
per  kilowatt-hour,  and  if  the  power  required  is  300  horsepower  or 
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more,  it  will  probably  be  more  economical  to  erect  a  steam-^lriven 
generating  plant  at  the  quarry,  provided  the  engine  is  of  the  condense 
ing  type.  With  coal  at  not  more  than  $3  per  ton  such  a  plant 
can  be  run  economically. 

At  one  quarry  where  the  installation  is  of  500-kilowatt  capadty 
with  an  average  maximum  load  of  400  kilowatts,  Himiniahing  at 
night  to  200,  the  total  cost  of  power  delivered  on  the  main  bus 
bars  of  the  generating  station  is  less  than  1  cent  per  kilowatt-hour. 
Coal  at  this  point  costs  a  little  over  $2  a  ton. 

The  important  point  is  that  new  quarries  should  adopt  electrical 
operation  from  the  outset  if  its  adoption  will  be  feasible  at  any 
stage  of  development.  Current  should  be  obtained  in  the  most 
economical  manner  possible.  Determination  of  the  proper  source 
of  power  often  requires  the  advice  of  a  consulting  electrical  and 
mechanical  engineer. 

COMFRESSED-AIB  AND  STEAM  EQUIPMENT. 

If  for  any  reason  electrical  operation  is  inadvisable,  operation  by 
compressed  air  is  unquestionably  more  economical  than  by  steam, 
and  vastly  more  convenient. 

Direot  steam  power  is  undesirable  on  account  of  the  transmission 
losses  and  the  obstruction  occasioned  by  the  necessary  network  of 
pipes  along  the  quarry  floor.  If  steam  must  be  adopted,  care  should 
be  taken  to  reduce  to  a  minimum  the  losses  due  to  leakage  and 
radiation. 

As  steam  pipes  are  subject  to  varying  temperatures  and  pressures, 
constant  attention  is  necessary  to  avoid  leakage.  Plate  III,  Bj 
shows  a  typical  example  of  waste  by  leakage  in  a  quarry  transmis- 
sion line.  Many  quarrymen  fail  to  realize  that  money  is  pouring 
out  of  these  leak  holes  at  an  incredibly  rapid  rate.  A  good  pipe 
fitter  should  be  on  hand  to  remedy  such  conditions  inmaediately. 

Serious  losses  are  also  caused  by  radiation  of  heat  from  the  steam 
pipes  and  by  energy  used  to  overcome  the  friction  of  the  steam  against 
the  inner  surface  of  the  pipe.  Such  waste  of  energy  may  be  mini- 
mized by  properly  covering  the  pipes  with  heat-insulating  material. 
A  few  quarrymen  have  insulated  their  transmission  pipes,  but  by 
far  the  greater  majority  have,  as  yet,  made  no  attempt  to  do  so.  An 
additional  means  of  reducing  loss  by  condensation  is  the  use  of  a 
superheater.  Steam  will  not  condense  until  it  has  lost  its  superheat, 
and  consequently  condensation  of  steam  in  pipes  will  not  occur  as 
long  as  any  of  the  superheat  remains.  One  degree  of  superheat  b 
commonly  conceded  to  carry  steam  10  feet,  but  of  -course  the  net 
result  depends  on  the  diameter  of  the  pipe  and  the  condition  of  the 
insulation.    If  the  factor  mentioned  be  assumed,  it  may  be  con- 
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duded  that  if  steam  is  to  be  conveyed  1,000  feet  100  degrees  should 
be  added  to  its  temperature  in  ord^  that  no  condensation  shall  take 
place.  In  order  to  avoid  as  much  as  possible  of  this  loss  by  con- 
densation, the  power  plant  should  be  situated  close  to  the  excavation. 

If  quarrymen  could  see  the  combined  loss  by  leakage  and  radiation 
for  a  given  period  converted  into  a  pile  of  coal  they  would  realize  that 
the  loss  assumes  alarming  proportions.  One  southern  quarry  com- 
pany, using  a  battery  of  four  300-horsepower  boilers,  foimd  by  prac- 
tical test  that  on  a  day  of  average  temperature  the  full  energy  devel- 
oped by  one  boiler  was  required  to  maintain  the  necessary  steam 
pressTure  when  no  work  was  being  done. 

In  old  installations  now  operating  with  steam  or  compressed  air 
any  changes  or  additions  ought  to  be  determined  with  a  view  to  the 
ultimate  electrification  of  the  entire  plant.  Neglect  of  this  precau- 
tion may  finally  bring  the  operating  company  to  a  position  where  it 
can  not  compete  with  other  companies  that  have  electrified  their 
plants. 

GHANNEIilNa. 
CHANNELING  MACHINES. 

Sullivan,  Ingersoll-Rand,  and  Wardwell  channeling  machines  are 
all  used,  and  each  type  has  its  special  advocates.  For  steam  opera- 
tion the  Sullivan  machine  seems  to  be  the  favorite,  whereas  the 
IngersoU  electric  air  type  is  the  favorite  in  quarries  having  direct 
electric  connection. 

The  most  suitable  Sullivan  machine  for  marble  quarrying  is  prob- 
ably the  double-swivel  channeler  which  can  be  used  for  straight 
vertical  cuts,  for  undercutting,  or  for  cutting  out  comers.  A  few 
quarries,  in  which  operations  are  scattered  over  a  wide  area  and  in  which 
electricity  is  not  used,  employ  Sullivan  machines  with  portable  boil- 
ers attached.  One  Georgia  company  operates  Sullivan  ''duplex" 
channelers,  consisting  of  two  machines  on  a  single  truck  working  in 
the  same  channel,  as  iQustrated  in  Plate  IV.  For  long  cuts  such 
channelers  are  imdoubtedly  advantageous,  as  one  operator  can 
manage  two  machine.  For  small  quarries  where  the  cuts  are  short 
and  many  comers  must  be  cut  one  machine  would  probably  be  idle 
so  great  a  share  of  the  time  that  the  advantage  would  be  doubtful. 
These  machines  are  commonly  termed  ''double  headers"  to  dis- 
tinguish them  from  the  Wardwell  "duplex"  channelers. 

The  electric  air  channeler  is  self-contained,  all  the  mechanism  being 
on  the  channeler  truck.  The  air  is  compressed  by  a  motor-driven 
"pulsator.''  The  air  is  never  exhausted  into  the  open  but  is  simply 
driven  back  and  forth  under  pressure  in  a  closed  circuit.  The 
machine  may  be  used  for  vertical,  inclined,  or  horizontal  channeling. 
The  roll  guides  between  which  the  channel  bits  run  are  eflFective  for 
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horizontal  or  inclined  cuts.    It  is  better  balanced  than  most  machines 
for  cutting  along  the  lower  side  of  an  inclined  track. 

It  is  claimed  by  some  quarrymen  that  the  electric  air  channeler  will 
cut  at  least  10  per  cent  more  than  steam  or  air  machines  if  all  are 
equally  well  handled.  This  superiority  is  not  due  to  the  fact  that  the 
electric  air  channeler  cuts  faster  while  it  is  cutting,  but  there  are  fewer 
and  shorter  interruptions  for  adjustment,  setting  up,  etc.,  so  that  a 
higher  time  efficiency  is  obtainable.  Cables  and  wires  are  more 
quickly  adjusted,  are  less  in  the  way,  and  are  more  easily  handled  than 
steam  pipes  or  hose.  Also,  many  quarrymen  think  the  electric  air 
channeler  is  the  most  economical  in  power  consumption  of  any 
machine  yet  devised. 

The  Wardwell  ''duplex"  channeler  cuts  two  parallel  channels  at 
the  same  time.  On  a  level  floor  and  with  sound  stock  it  gives  good 
service.  As  pointed  out  later,  in  quarrjring  imsound  stock  it  is  some- 
times desirable  to  vary  the  spaoing  of  the  channel  outs  in  order  to 
make  them  coincide  with  joints.  With  the  Wardwell  machine  such 
variation  would  not  be  possible,  and  in  consequence  it  is  not  well 
suited  for  working  in  unsound  marble.  One  company  has  success- 
fully adapted  this  machine  to  electric  operation. 

Experiments  in  one  company^s  quarries  in  North  Carolina  indicate 
that  in  channeling  hard  marble,  light  and  rapid  blows  are  piore 
effective  than  slower  and  heavier  ones.  The  change  from  heavy  to 
light  blows  can  be  made  in  most  machines  by  changing  the  stroke. 

CHANNELING  IN  RELATION   TO   BEDDING. 
INFLUENCE  OF  ATTITUDE   OF  MARBLE   BEDS  ON  OHANNEUNG. 

Most  marble  deposits  occur  in  regions  where  great  folding  and 
contortion  of  the  rock  has  taken  place  as  a  result  of  tremendous  geo- 
logic forces.  The  original  flat-lying  beds  may  be  tilted  at  all  angles. 
This  condition  greatly  complicates  the  process  of  quarrying.  In 
numerous  instances  the  beds  are  separated  by  open  fissures  which 
demand  a  process  of  cutting  in  conformity  with  them.  In  other 
quarries  the  beds  may  exhibit  no  planes  of  separation.  A  distribution 
of  color  or  impurities  parallel  with  the  bedding  may,  however,  con- 
stitute factors  of  equal  importance  in  their  influence  upon  the  plan 
of  rock  removal. 

If  conditions  are  at  all  favorable,  it  is  desirable  to  maintain  a  level 
quarry  floor.  Conditions  may  be  such,  however,  that  efficiency  in 
quarry  operation  or  reduction  in  the  proportion  of  waste  may  demand 
that  quarrying  be  conducted  on  an  inclined  floor.  No  absolute  rules 
can  be  given,  for,  as  pointed  out  later,  the  nature  of  the  product  and 
the  uses  for  which  it  is  to  be  employed  have  a  direct  influence  on  the 
most  feasible  quarry  method. 


'DUPLEX"  CHANHELER. 
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LBVXL-FLOOR  CHANNXUNO. 


Figure  6,  A,  shows  unifonn  rock  with  no  open  bedding  planes  and  no 
decided  rift.  The  beds  may  be  horizontal,  vertical,  or  inclined. 
This  condition  prevails  in  some  of  the  Tennessee  quarries.  The  bed- 
ding is  so  indistinct  that  it  can  be  recognized  only  by  the  characteristic 
"crow  feet,"  as  otherwise  the  rock  is  uniform  throughout.  Under 
such  favorable  conditions,  channeling  may  be  carried  on  with  a  level 
floor,  whatever  the  atti- 
tude of  the  beds  may  be. 

Figure  5,  B,  shows 
marble  with  open  bedding 
planes,  the  beds  being 
either  horizontal  or  verti- 
cal.  In  either  case  a  level 
quarry  floor  may  be  main- 
tained. 
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SAW-TOOTH  FLOOR  CHANNELING. 

Figure  5,  C,  illustrates 
open  marble  beds,  inclined 
at  an  angle  less  than  45^, 
such  as  are  worked  in  a 
number  of  Tennessee,  Ala- 
bama, and  Vermont  quar- 
ries. It  is  customary  in 
some  of  the  quarries  to 
excavate  right-angled 
blocks  and  to  remove  a 
row  of  blocks  from  each 
successive  bed,  resulting 
in  the  formation  of  a  saw- 
tooth quarry  floor  as  illus- 
trated in  figure  6. 

In  quarrying  a  saw- 
tooth floor  the  channeling-machine  track  is  supported  by  timbers 
as  shown  in  Plate  III,  G,  The  disadvantages  of  such  a  method 
are  well  known  to  many  quarrymen,  but  are  accepted  as  inevitable 
because  no  better  method  has  appealed  to  them.  The  disadvan- 
tages may  be  enumerated,  as  foUovTs:  (1)  The  construction  of 
supports  to  hold  a  track  in  a  horizontal  position,  perhaps  6  or  8 
feet  above  a  slanting  rock  surface,  requires  considerable  timber 
and  many  hours  of  labor,  part  of  which  is  done  by  skilled  men. 
(2)  There  is  a  great  loss  of  time  in  starting  and  straightening  channel 
cuts.  The  machine  is  so  high  above  most  of  the  rock  surface 
that  the  channel  bits,  no  matter  how  tightly  they  are  clamped. 


FzoTJiiE  5.— Proper  positions  of  channelixig  machine  tracks 
for  beds  of  different  inclinations.  A,  liorisontal, vertical,  or 
inclined  beds  that  have  no  open  bedding  planes  or  decided 
rift;  B,  horizontal  or  vertical  beds  separated  by  open  bed- 
ding planes;  C,  open  beds  inclined  at  an  angle  less  than  45*. 
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swing  to  one  side  or  spring  when  they  strike  the  rock,  so  that  starting 
or  maintaining  a  straight  cut  is  difficult.  In  practice  the  helper  gen- 
erally takes  a  hand  tool  and  hanuner  and  starts  the  cut.  After  a 
little  progress  with  the  machine  further  delay  may  be  necessary 
to  straighten  the  cut.  Altogether  much  time  may  be  lost  before  the 
machine  may  be  worked  continuously.  (3)  If  the  rock  has  a  steep 
dip  a  short  length  of  track  only  may  be  set  up,  usually  resulting  in 
loss  of  efficiency.  In  general,  operations  on  a  small  scale  are  less 
economical  than  those  on  a  large  scale.  A  short  channel  cut  is 
more  expensive  per  square  foot  than  a  long  one  imder  similar  condi- 
tions. (4)  On  account  of  the  rapidly  increasing  height  of  the  track 
above  the  rock  surface  as  the  machine  travels  in  the  direction  of  dip, 
one  length  of  steel  can  be  used  over  a  small  part  of  the  course  only, 
and  hence  short  cuts  vdth  frequent  changes  of  steel  are  necessary. 


FiousE  6.*— A  "saw-tooth"  quany  floor. 


(5)  The  necessity  of  cutting  out  numerous  comers  may  increase  the 
proportion  of  lost  time. 


INCLINED-TRACK  CHANNEUNO. 


An  improved  method  of  quarrying  on  an  inclined  floor  is  to  place 
the  channeling-machine  track  on  the  inclined  rock  surface  in  the 
direction  of  the  dip.  If  the  floor  is  of  the  saw-tooth  type,  the  upper 
beds  should  be  worked  down  successively  until  a  large  area  of  rock 
surface  is  obtained  parallel  with  the  open  beds,  as  illustrated  in 
figure  7.  The  force  of  gravity,  which  would  cause  the  channeling 
machine  to  run  too  rapidly  down  the  grade  and  probably  entirely 
prevent  its  ascent  is  overcome  by  the  use  of  a  balance  car  or  balance 
weight.  The  balance  car  may  be  placed  on  a  parallel  inclined  track 
and  loaded  with  enough  stone  or  iron  bars  to  exactly  counterbalance 
the  weight  of  the  channeling  machine,  to  which  it  is  attached  by 
means  of  a  cable  running  over  a  sheave.     The  sheave  is  attached  to 
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the  upper  end  of  the  track.  This  method  is  employed  with  success  in 
several  Vermont  quarries. 

A  second  method  is  to  place  the  halance-car  track  on  a  slanting 
imused  part  of  the  quarry.  Though  requiring  a  long  cable  attach- 
ment the  plan  works  well,  and  is  used  successfully  in  Alabama. 
There  is  a  considerable  saving  of  time  and  expense  in  having  a  per- 
manent balance-car  track. 

A  third  device,  which  must  be  arranged  with  special  care  in  order 
to  avoid  the  danger  of  accident,  is  a  counterbalance  weight  attached 
to  a  cable  that  passes  over  a  sheave  in  the  tunnel  ceiling. 

For  light  grades  a  hill-climbing  device  observed  on  some  machines 
gives  satisfaction.  It  consists  of  a  cable  that  passes  over  a  sheave 
at  the  upper  extremity  of  the  track  and  winds  on  drums  on  the  truck 
axles.  The  device  prevents  the  machine  from  slipping,  but  does  not 
equalize  the  load  hke  the 
balance  car. 

HIGH   EFFICIENCY  OF  INCLINED- 
TRACK  CHANNEUNQ. 

Quarrymen  who  have 
not  had  the  experience 
may  doubt  the  success  of 
inclined  channeling.  How- 
ever, many  who  have  tried 

it  have  met  with  imquah-    ^^^^  7.— Manner  in  wWch  an  inclined  floor  may  be  devel- 

^-1         A  1   iL  °P*^  '^"^  *  "saw-tooth"  floor. 

ned  success.    One  Alabama 

company  claims  that  channeling  on  a  floor  parallel  with  bedding  that 
dips  about  33®  has  resulted  in  a  50  per  cent  increase  in  efficiency 
over  the  saw-tooth  method  of  operation. 

In  this  connection  the  following  quarry  report  of  a  company  oper- 
ating in  Quebec,  Canada,  is  of  uiterestt 

Monthly  channeling  report  covering  work  of  day  gang  in  a  Quebec  quarry. 


m 

Machine  No. 

VarMe 
excavated. 

Time  In 
operation. 

Time 
moving. 

Time  under 
repair. 

Time  shut 
down. 

3 

Square  feet. 
529.6 
613.0 
605.5 
712.5 
1,355.1 

Hour*. 
139.5 
157 
208.5 
187 
178 

Hours. 
44.5 
31 

2G.5 
23.5 
44 

Hours. 
34 
31 

Hours. 

31 

o       

32 

29 

y 

9! ........!.!!.]-!!!!!.!.!!".!!... ! 

18.5 
8 

24 
23 

The  good  showing  of  machine  9  is  the  notable  feature  of  this  report. 
Machines  3,  6,  7,  and  8  were  operated  on  level  elevated  tracks  on  a 
saw-tooth  floor.  Machine  9  ran  on  an  inclined  track  with  a  balance 
The  average  month's  cutting  per  machine  by  the  saw-tooth 


car. 


method  was  637.6  square  feet,  whereas  the  one  machine  with  the 
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balance  car  cut  more  than  double  that  amount.  Such  figures  offer 
convincing  proof  of  the  efficiency  of  inclined  channeling. 

With  many  quarrymen  the  ph3^ical  difficulties  of  moving  and  oper- 
ating machinery  on  inclined  floors  constitute  sufficient  cause  for 
rejecting  the  method.  However,  it  has  been  found  that  when  men 
become  accustomed  to  the  new  methods  they  work  with  the  same 
facihty  as  on  level  floors,  and  may  even  prefer  the  changed  condi- 
tions. Methods  of  employing  cables,  snatch  blocks,  and  hoists  for 
handling  heavy  machinery  are  quickly  devised  by  intelligent  foremen. 
In  one  Vermont  quarry  inclined  channeling  is  conducted  succ^sf ully 
on  a  floor  slanting  45^.  The  cost  of  channeling  is  approximately  14 
per  cent  greater  than  on  a  level  floor,  and  the  cost  of  other  operations 
shows  a  small  increase. 

When  channeling  machines  are  being  operated  on  inclined  tracks, 
no  scaffolding  is  required.  The  tracks  are  placed  flat  on  the  rock 
surface  with  little  more  expense  than  when  placed  on  a  levol  floor. 
Much  time  is  saved  in  the  process  of  starting  and  straightening  cuts, 
the  field  of  operations  need  not  be  limited  by  short  tracks,  and  the 
work  is  not  interrupted  by  frequent  changes  of  steel. 

Plate  V,  A,  shows  a  marble  quarry  with  open  beds  dipping  24^  to 
28°.  The  present  method  is  to  channel  in  short  cuts  with  the  chan- 
neling machines  working  on  tracks  supported  in  level  position.  The 
inclined  floor  shown  in  the  plate  has  an  area  of  about  4,000  square 
feet  which  is  sufficient  to  warrant  the  use  of  the  inclined  track  and 
the  balance  car. 

Even  if  conditions  seem  unfavorable  the  inclined-track  method  may 
prove  to  be  the  more  economical.  In  one  quarry  observed  the  struc- 
ture is  a  low  anticline  or  arch;  and  the  open  bedding  planes  dip  west- 
ward in  the  western  part  of  the  quarry,  maintain  an  approximately 
horizontal  position  near  the  center,  and  dip  eastward  in  the  eastern 
part.  The  rock  is  now  quarrifed  on  a  level  floor  with  the  production 
of  a  large  number  of  angular  blocks.  It  is  probable  that  the  main- 
tenance of  a  quarry  floor  parallel  with  the  bedding,  even  though  it 
involved  varying  angles  of  inclination  in  different  parts  of  the  quarry, 
would  give  better  results. 

INCLINED-TRACK  CHANNELINQ   ACROSS   BEDS. 

Figure  8,  A,  illustrates  open  marble  beds  dipping  at  an  angle  greater 
than  45^.  In  order  that  right-angled  blocks  may  be  obtained  with- 
out a  saw-tooth  floor,  the  obvious  method  of  channeling  is  to  make 
the  floor  perpendicular  to  the  beds  as  indicated  in  the  figure.  Such 
a  method  has  not  been  observed  in  any  American  quarry,  though  it 
should  be  successful. 


,    A  QUARRY  FLOOR  SUITABLE  FOR  INCLINED-TRACK  CHANNELINQ. 


B.    METHOD  OF  QUARRYING  ACUTE-ANGLED  BLOCKS. 


QUARRV   OPERAnONB   AND   EQUIPMENT.  59 

INTLUBNCE  ^  HIPT  OB  COLOR   BANDS   OH   CHANNBUNO. 

Figure  8,  B,  illustrates  marble  beds  dipping  at  aa  angle  of  less  than 
45°  but  with  no  open  bedding  planes.  They  are  assumed  to  hare, 
however,  parallel  with  the  bedding,  a  series  of  color  bands  or  streaks 
of  impurities  or  a  decided  rift,  or  the  successive  beds  are  of  varying 
quality.  The  most  desirable  development  of  such  beds  is  more  com- 
plicated. 

If,  for  artistic  effect,  it  may  seem  desirable  to  have  the  color  bands 
pass  diagonally  through  the  blocks,  it  may  be  advisable  to  excavate 
right-angled  blocks  on  a  level  floor.  Ordinarily,  however,  a  proper 
classification  of  material  would  demand  that  the  marble  be  split  par- 
allel with  the  bed,  also  if  the  material  is  uniform  in  quahty,  and 
possesses  a  decided  rift,  it  can  be  worked  more  easily  parallel  with 
the  bedding. 

Figure  8,  C,  illustrates  beds  having  rift,  impiuities,  or  color  bands 
as  represented  in  the  beds  shown  in  figure  8,  B,  but  with  the  beds 
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dipping  at  an  angle  greater  than  45°.  In  developing  such  beds,  if 
it  seems  advisable  to  use  inclined  channeling,  the  floor  should  be 
at  right  angles  to  the  bods  rather  than  parallel  with  them. 


If  steeply  inclined  marble  beds  are  channeled  on  a  level  floor,  and 
the  cross  breaks  or  cross  channel  cuts  are  made  parallel  with  the 
bedding,  acute-angled  blocks  will  result,  as  is  illustrated  in  Plate  V, 
B.  A  complete  discussion  of  the  conditions  under  which  such  blocks 
may  or  may  not  be  quarried  economically  is  given  in  a  later  section 
dealing  with  the  problem  of  waste.  As  pointed  out  in  that  section, 
if  thin  stock  is  desired,  the  waste  resulting  from  acuto-angled  blocks 
may  not  be  excessive.  Saw  gangs  require  longer  blades  however, 
and  when  longer  blades  are  used  the  tendency  toward  unevenness  in 
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the  cuts  is  increased.  If  much  cubic  stock  is  desired  undoubtedly  it 
is  more  economical  to  quarry  on  a  slanting  floor  parallel  with  the 
beds. 

EXAMPLE  OF  INCUNED  CHANNEUNG. 

A  large  tunneled  quarry  operated  in  Vermont  furnishes  a  good 
illustration  of  quarrying  in  conformity  with  bedding,  and  a  detailed 
description  of  the  various  processes  may  be  instructive. 

Near  the  top  of  the  quarry  the  beds  dip  about  70®  east.  At  a 
depth  of  60  or  60  feet,  they  curve  back  and  dip  west,  and  lower  down 
again  dip  to  the  east,  the  angle  of  dip  decreasing  to  about  30®  near 
the  bottom  of  the  quarry.  There  are  few  open  bedding  planes. 
The  excavation  is  about  300  feet  deep,  and  long  tunnels  are  driven  in 
the  direction  of  the  strike. 

Gray  or  variously  colored  bands  occur  at  intervals,  marking  off 
distinct  beds.  The  beds  vary  greatly  in  quality,  some  being  almost 
pure  white,  and  others  gray,  wavy,  or  banded.  The  various  beds 
are  named,  and  the  characteristics  and  qualities  are  well  known  to 
the  foremen. 

In  the  upper  part  of  the  quarry,  where  the  dip  of  the  beds  is  steep, 
a  level  quarry  floor  is  maintained.  According  to  the  rules  given 
above,  the  quarry  floor  in  this  part  of  the  quarry  should  be  inclined 
to  cut  across  the  beds  at  right  angles  and  thtis  avoid  the  production 
of  acute-angled  blocks.  In  this  particular  place,  however,  a  level 
floor  is  preferable.  As  mentioned  above,  the  beds  near  the  top  of 
the  quarry  dip  to  the  east,  at  a  lower  level  are  vertical,  and  at  still 
greater  depth  dip  west.  If  the  floor  were  to  be  maintained  at  right 
angles  to  the  bedding  the  condition  described  would  necessitate  a 
constantly  changing  floor  level,  resulting  in  the  production  of  many 
angular  blocks. 

Except  for  wall  cuts,  channels  are  made  in  one  direction  only — at 
right  angles  to  the  strike.  The  long  masses  of  rock  thus  obtained  are 
divided  into  small  blocks  by  wedging  in  drill  holes,  projected  in  rows 
parallel  with  the  bedding,  as  shown  in  Plate  V,  B.  Effort  is  made 
to  so  place  the  holes  that  each  block  is  of  imiform  quality. 

Near  the  bottom  of  the  quarry,  where  the  dip  of  the  beds  is  45®  or 
less,  the  quarry  floor  is  maintained  parallel  with  the  bedding.  A 
balance  car  on  a  parallel  track  is  employed  to  overcome  the  effect  of 
gravity,  and  thus  permit  the  channeling  machine  to  operate  with 
the  same  motive  power  as  on  a  level  track. 

The  depth  of  the  channel  is  governed  by  the  position  of  those 
natural  linos  of  separation  that  mark  out  a  definite  change  in  the 
quahty  of  the  rock.  The  channel  cut  may  pass  through  one  or  two 
of  these  lines  of  division,  but  is  always  terminated  by  one  of  them. 
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If  no  open  bedding  planes  appear,  each  of  the  bands  of  uniform  ma- 
terial may,  for  convenience,  be  designated  as  a  bed.  The  method  of 
detennining  when  the  bottom  of  a  bed  is  reached  is  of  interest.  The 
channeUng  machine,  when  running  in  its  ordinary  vertical  manner, 
continually  loses  space  at  the  end  of  its  run,  leaving  a  slanting  end. 
Water  is  poured  down  this  inclined  end  in  order  to  wash  it  clean,  and 
an  incandescent  light  with  a  specially  flattened  bulb  is  let  down.  By 
this  means,  one  who  is  thoroughly  f amihar  with  the  rock  may  identify 
at  a  depth  of  10  to  12  feet  the  bands  that  separate  the  various  beds. 

When  drilling  or  channeling  is  done  at  right  angles  to  the  quarry 
floor,  right-angled  blocks  are  obtained.  By  working  thus  on  an 
inclined  floor,  blocks  of  economical  form  are  produced,  and  an  exact 
classification  of  the  product  is  made  possible. 

INFLUBNGE   OF  DIP  AND  STRIKE   ON   DIBBGTION  OP  CHANNEL  CUTS. 

The  influence  of  bedding  on  the  attitude  of  the  quarry  floor  has 
been  discussed  in  detail.  The  influence  of  dip  and  strike  on  the 
direction  of  the  channel  cuts  is  also  of  great  importance.  If  vertical 
channel  cuts  make  oblique  angles  with  the  strike  of  a  marble  deposit 
in  which  separation  of  blocks  must  be  made  along  the  planes  of 
steeply  dipping  beds,  it  is  obvious  that  blocks  having  too  much  of  an 
acute  angle  will  result.  It  is  generally  more  convenient  and  more 
economical  to  make  channel  cuts  parallel  with  the  strike.  Exception 
may  be  made  if  pronounced  joint  systems  meet  the  strike  of  the  rock 
at  oblique  angles.  Under  such  circumstances  channeling  parallel 
with  the  joints  rather  than  with  the  strike  is  justifiable.  However, 
an  inclined  floor  should  be  maintained,  and  the  cuts  should  be  at 
right  angles  to  the  floor  in  order  that  rectangular  blocks  may  be 
produced.  ^ 

CHANNELING   IN   RELATION   TO   UNSOUNDNESS. 
CHANNELING  PARALLEL   WITH  JOINT  SYSTEMS. 

In  a  previous  section  (pp.  22-29)  a  discussion  is  given  of  the  causes 
of  imsoundness  and  of  the  various  forms  in  which  it  appears.  The 
most  important  feature  of  joints  in  relation  to  channeling  is  their 
occurrence  in  more  or  less  definite  systems.  The  importance  of 
recognizing  such  systems  and  quarrying  in  accordance  with  them 
can  scarcely  be  overestimated.  In  quarries  in  which  joints  are 
prominent  the  quarrymen  should  endeavor  to  make  their  channel 
cuts  parallel  with  the  chief  joint  systems.  Blocks  that  are  inter- 
sected by  oblique  joints  are  almost  useless.  If,  on  the  other  hand, 
the  joints  parallel  one  pair  of  faces,  the  waste  is  greatly  reduced. 
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CHANNKUNG  COINCIDBNT  WITH  JOINTS. 

ParaJleling  the  joint  system  is  only  one  step  in  economical  channel- 
ing. If  it  be  assumed  that  the  joints  intersecting  the  blocks  are 
parallel  with  one  pair  of  faces,  considerable  waste  may  still  result*  If 
saw  cuts  are  made  parallel  with  the  joints,  two  or  three  slabs  only 
may  be  wasted.  Usually,  however,  joints  cut  across  the  grain  and 
slabs  are  cut  parallel  with  the  grain.  A  single  joint,  therefore,  will  in- 
tersect every  slab.  Consequently,  economy  demands  that  channel  cuts 
not  only  run  parallel  to  joints,  but  that  they  be  spaced  in  such  a  manner 

as  to  reduce  to  a  minimum 
the  number  of  joints  con- 
tained within  the  blocks. 
In  other  words,  whenever 
possible  the  channel  cuts 
should  coincide  with  joints. 
If  joints  are  spaced  at  ir- 
regular intervals,  channel 
cuts  should  be  spaced  in 
the  same  way.  It  is  im- 
reasonable  to  maintain 
that  the  production  of 
blocks  varying  in  size  is 
imdesirable.  The  pres- 
ence of  irregularly  spaced 
joints  will  not  permit  the 
quarrying  of  uniform 
soimd  blocks,  and  it  is 
dear  that  in  the  shaping 
of  any  structural  design 
sound  blocks  of  various 
sizes  will  cut  to  better  advantage  than  unsoimd  blocks  of  imi- 
form  size. 

The '  advantage  of  eliminating  joints  by  channeling  coincident 
with  them  is  illustrated  in  figure  9.     Six  imequally  spaced  joints  are 
shown  in  an  approximately  parallel  system.    In  the  figure  a  repre- 
sents equal  spacing  of  channel  cuts  without  regard  to  unsoundness. 
Of  the  four  blocks  that  result,  one  is  intersected  by  one  joint  and 
another  by  two  joints,  and  iwo  blocks  are  sound.    At  &  is  shown 
spacing  varied  in  such  a  manner  as  to  make  the  channel  cuts  fall  on 
the  joints.    As  a  consequence  one  small  block  is  intersected  by  a 
joint,  and  three  blocks,  one  of  which  is  exceptionally  large,  are  sound. 
A  judicious  spacing  of  channel  cuts  may  thus  tend  to  produce  a  large 
proportion  of  sound  stock. 


FiGintE  9.— The  right  and  the  wrong  way  of  channeUngunsoond 
marble:  a^^ Channel  cuts  equally  spaced,  involving  waste;  6, 
channel  cuts  made  coincident  with  Joints,  avoiding  waste. 
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BCONOMT  OF  CHANNEUNO  IN   ACCORDANCE   WITH  UNSOUNDNESS. 

Figure  10  shows  the  economy  of  channeUng  in  accordance  with 
unsoundness.  Two  right-angled  systems  of  unequally  spaced  joints 
are  shown.    They  are  identical  in  both  parts  of  the  figure.    As  shown 


FiauBs  10.— The  economy  of  channeling  in  accordance  wilh  Joint  systems:  A,  Plan  of  channeling  with- 
oat  reference  to  direction  or  spacing  of  the  joints,  involving  greatwaste  of  marble  blocks;  B,plan  cfclian- 
neling  in  which  channel  cots  are  made  parallel  with,  and  as  for  as  possible  coincident  with,  Joints,  avoiding 
waste  of  blocks. 

in  figure  10,  A,  the  channel  cuts  make  oblique  angles  with  the  joint 
systems.  The  channel  cuts  are  spaced  regularly  in  both  directions 
without  regard  to  unsoundness.  As^a  consequence,  every  block 
quarried  is  intersected  by  one  or  more  joints. 
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Figure  10,  B,  illustrates  the  remarkable  improvement  that  results 
from  changing  the  direction  of  channel  cuts  to  parallel  the  joints, 
and  from  varying  the  spacing  of  the  cuts  so  that  they  fall  exactly 
on  the  joints.  Of  the  10  blocks  that  wiU  be  produced  8  wiU  be  soimd 
and  2  will  have  two  parallel  joints  close  to  one  side.  The  advantage 
of  cutting  out  blocks  in  accordance  with  unsoundness  is  so  apparent 
that  it  is  remarkable  how  few  quarrymen  have  made  practical  appli- 
cation of  the  principle. 

UTILIZATION  OF  JOINTS  FOR  MAKING  CR08S  BREAKS. 

Channeling  may  be  done  in  one  direction  only,  the  cross  breaks 
being  made  by  some  other  means,  or  the  rock  may  be  channeled  in 
two  directions.  In  many  marble  deposits,  one  system  of  joints  is 
pronounced,  and  cross  joints  are  few  in  number.  Under  such  con- 
ditions, it  is  wise  to  channel  in  one  direction  only,  at  right  angles 
to  the  chief  joint  system.  Advantage  may  thus  be  taken  of  the 
joints  in  making  cross  breaks.  A  long  mass  of  marble  can  be  chan- 
neled at  the  back  and  ends,  and  wedged  up  at  the  floor  imtil  it  is  free. 
The  wedges  near  one  end  may  then  be  driven  hard  and  the  others 
left  untouched,  producing  a  bending  strain  which  may  be  sufficient 
to  cause  the  mass  to  break  at  one  of  the  joints,  which  is  a  plane  of 
weakness.  Heavy  wedging  at  both  ends,  the  middle  wedges  being 
left  untouched,  may  be  even  more  eflfective. 

AN  ILLUSTRATION   OF  CHANNBLINO  IN   ACCORDANCE    WITH  UNSOUNDNESS. 

An  excellent  illustration  of  a  modification  of  channeling  directions 
to  parallel  strike,  dip,  and  tmsoundness  is  to  be  found  in  a  certain 
quarry  in  Vermont.  One  channel  cut  parallels  the  strike,  which  is 
N.  5®  W.  The  beds  dip  about  70®  to  the  east,  and,  on  account  of  a 
green  banding  parallel  with  the  bedding,  the  proper  classification  of 
the  material  and  the  production  of  attractive  patterns  in  the  banding 
demands  that  the  channel  cuts  be  inclined  to  parallel  the  beds.  A 
remarkable  system  of  parallel  open  joints  (see  fig.  2,  p.  26)  intersects 
a  limited  part  of  the  quarry.  The  joints  run  N.  82®  E.  and  dip  61*' 
N.  The  second  channel  cut  is  made  parallel  with  these  joints.  Thus 
the  channel  cuts  meet  at  an  angle  of  87®,  and  are  both  inclined  from 
the  vertical.  The  maintenance  of  a  level  quarry  floor  is  justified  by 
the  fact  that  such  conditions  prevail  over  part  of  the  quarry  only. 
By  thus  quarrying  in  accordance  with  rock  structures,  soimd  blocks 
with  a  desirable  color  distribution  are  obtained. 

A  short  distance  north  of  this  quarry  is  another,  which  is  now  about 
50  feet  deep.  The  system  of  joints  referred  to  above  does  not  appear 
as  yet  in  the  excavation.  As  the  joints  dip  61  ®  N.,  it  is  an  easy  matter 
to  determine  the  point  at  which,  with  continued  excavation,  they 
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may  be  expected  to  appear.  The  present  plan  of  quarrying  is  to 
channel  vertically  at  right  angles  to  the  strike,  and  to  make  the  cross 
breaks  by  wedging  in  drill  holes  parallel  with  the  bedding.  When 
the  zone  of  parallel  joints  is  reached,  a  modification  of  the  method 
will  be  justified. 

A  PROPOSED  IMPROVEMENT  IN   QUARRY  METHODS. 

As  another  illustration  of  quarrying  in  conformity  with  unsound- 
ness, reference  may  be  made  to  a  certain  marble  quarry  in  which  a 
change  of  plan  is  contemplated.  The  prevailing  joints  run  north 
and  south,  and  a  second  series  of  joints  filled  with  crystalline  calcite, 
known  locally  as  ''glass  seams,''  run  east  and  west. 

The  walls  of  the  present  excavation  run  approximately  northeast 
and  northwest.  Thus  a  majority  of  the  joints  intersect  blocks  diago- 
nally. When  the  present  excavation  is  extended  it  is  proposed  to 
make  the  cuts  in  north-south  and  east-west  directions,  and  thus 
parallel  the  chief  rock  structures. 

INDISTINCT  JOINTS  AND  JOINT  SYSTEMS. 

In  the  preceding  paragraphs  reference  has  been  made  only  to  those 
joints  or  joint  systems  that  are  easily  recognizable.  In  quarries  in 
which  joint  systems  are  obscure,  the  problem  of  economic  channeling 
is  more  difficult. 

The  difficulty  of  recognizing  joint  systems  is  due  to  two  main 
causes.  The  joints  may  be  rather  easily  seen,  but  so  irregular  and 
intersecting  at  so  many  angles  that  system  seems  to  be  absent,  or 
they  may  be  so  indistinct  that  only  skilled  men  with  long  practice 
can  recognize  them  in  the  quarry.  When  joints  are  both  indistinct 
and  irregular  the  problem  is  complex. 

HOW  TO  DEAL  WITH  COMPLEX  JOINTING. 

A  desirable  method  of  approaching  such  a  complex  problem  can 
be  best  appreciated  by  consideration  of  a  concrete  example.  The 
operations  of  an  Alabama  marble  company  offer  one  of  the  best  illus- 
trations obtainable  of  the  means  that  may  be  employed  to  discover 
systems  of  unsoundness  and  of  how  quarry  methods  may  be  modified 
later  in  accordance  with  these  systems. 

The  quarry  operations  are  greatly  hampered  by  the  presence  of 
cracks  that  are  locally  termed  *' headers,"  many  of  which  are  almost 
unrecognizable  in  the  quarry.  However,  when  the  blocks  are  sawn 
they  cause  the  resulting  thin  slabs  to  break  into  small  and  angular 
pieces,  many  of  which  can  not  be  used.  So  serious  was  this  diffi- 
ctdty  that  profitable  operation  seemed  impossible. 
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The  marble  was  first  quarried  on  a  saw-tooth  floor  parallel  with 
and  at  right  angles  to  the  strike.  The  beds  dip  about  33^.  Blocks 
were  intersected  by  joints  and  also  by  mica  bands  which  run  parallel 
to  the  bedding,  and  the  waste  was  excessive.  The  proportion  of 
sound  stock  was  increased  to  some  extent  by  quarrying  on  an  inclined 
floor  parallel  with  the  bedding.  Even  with  this  improvement  the 
presence  of  many  ** headers"  intersecting  the  blocks  obliquely  resulted 
in  great  waste. 

In  an  attempt  to  further  overcome  the  difficulty  the  quarry  floor 
was  laid  out  in  sections,  and  the  marble  blocks  as  they  were  quarried 
were  all  so  numbered  and  oriented  that  the  section  to  which  they 
belonged  and  their  exact  position  in  the  section  could  be  determined. 
The  visible  ** headers"  were  located  accurately,  and  diagrams  were 
made  showing  their  position.  The  '' headers"  that  could  not  be 
located  in  the  quarry  were  foimd  in  the  slabs  after  the  blocks  had 
been  sawed.  As  every  block  had  been  oriented  and  as  the  original 
position  of  the  slab  was  known,  reference  of  the  slab  to  its  original 
position  in  the  quarry  indicated  the  point  at  which  the  joint  must 
cut  the  quarry  wall.  As  it  was  known  that  the  joints  must  be  pres- 
ent at  certam  points,  diligent  search  was  made  to  find  evidences  of 
them  on  the  quarry  walls.  Only  persons  skilled  in  such  observations 
through  long  practice  can  recognize  obscure  joints.  In  the  quarry 
under  discussion  one  efficient  quarryman  is  detailed  for  the  express 
purpose  of  finding  and  marking  them  on  the  quarry  walls  and 
floors. 

The  information  thus  obtained  was  supplemented  by  study  of  a 
drill  core  obtained  by  projecting  a  hole  down  the  dip  with  a  double 
core-barrel  drill.  A  diagram  of  all  the  ** headers"  thtis  discovered 
on  one  of  the  most  unsound  floors  is  shown  in  figure  11.  As  may  be 
seen  from  this  figure,  the  joints  in  general  follow  two  distinct  systems. 
These  two  sets  of  joints  have  for  convenience  been  designated x cracks 
and  y  cracks.  The  general  direction  of  the  x  cracks  is  S.  80°  E. 
They  are  distinctly  visible,  regular,  and  sufficiently  far  apart  to 
allow  the  production  of  fair-sized  blocks.  They  are  all  normal 
faults,  having  a  sUp  of  less  than  1  inch.  The  y  cracks  are  those 
mentioned  above  as  being  very  indistinct.  Their  direction  is  N.  24° 
E.  They  are  closely  spaced,  branching,  and  fade  out  and  reappear 
irregularly.  They  are  not  faulted,  or  at  least  there  is  no  apparent 
shp.  They  occur  in  zones  about  50  feet  wide,  and  these  are  followed 
by  zones  60  feet  or  more  in  width  in  which  the  y  cracks  are  absent 
or  few  in  number. 

In  addition  to  the  x  and  y  cracks  there  is  a  series  termed  ''slick 
seams,"  which  run  in  the  direction  of  the  dip.  They  are  probably 
caused  by  expansion  and  contraction  from  solar  heat.  .  They  disap- 
pear at  a  depth  of  about  75  feet.    A  few  joints  are  noted  in  the  direc- 
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tion  N.  82^  E.  The  strike  of  the  rock  is  N.  46°  E.,  and  the  dip  aver- 
ages about  33°  SE. 

As  indicated  in  figure  11,  the  two  main  systems — the  z  and  the  y 
cracks — are  76°  apart,  and  the  x  cracks  make  an  angle  of  about  54° 
with  the  strike. 

With  this  arrangement  of  headers,  four  plans  of  channeling  were 
possible,  as  follows: 

(1)  Channels  parallel  with  and  at  right  angles  to  the  strike. 


PiouRB  11. — Diagram  of  Joint  systems  in  one  bed  of  an  Alabama  marble  quarry. 

(2)  Channels  parallel  with  and  at  right  angles  to  the  y  cracks. 

(3)  Channels  parallel  with  and  at  right  angles  to  the  x  cracks. 

(4)  Channels  parallel  to  the  x  and  y  cracks. 

Worked  out  mathematically,  plan  4  is  the  best,  but  only  slightly 
better  than  plan  3.  Where  quarrying  is  now  carried  on,  the  y  cracks 
are  not  abvndant,  and  plan  3  is  now  followed.  If  the  y  cracks  become 
more  numerous  with  further  development,  plan  4  may  be  adopted. 
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Tlie  conditions  prevailing  on  this  floor  were  exceptionally  bad, 
With  the  most  economical  methods  only  15  per  cent  of  the  marble 
quarried  was  in  sound  blocks.  On  the  next  floor  below  30  per  oent 
was  sound,  and  on  the  third  floor  35  per  cent.  Quarrying  parallel 
with  and  at  right  angles  to  the  strike  on  the  floor  mapped  would  give 
no  sound  blocks,  and  probably  few  would  result  from  a  similar 
method  on  the  lower  floors. 

It  is  established  beyond  question,  therefore,  that  the  most  eco- 
nomical method  of  quarrying  in  this  deposit  is  to  channel  diagonally 
on  a  slanting  floor.  To  quarrymen  who  would  hesitate  at  quarrying 
on  an  inclined  floor  under  favorable  conditions  such  a  method  must 
seem  impractical.  However,  its  success  in  this  particular  quarry  is 
assured.  Although  the  difficulty  of  operation  is  undoubtedly  great, 
the  advantages  more  than  offset  the  increased  cost  per  square  foot 
of  channeling.  Plate  V,  (7,  illustrates  a  channeling  machine  operating 
on  a  track  placed  diagonally  on  an  inclined  floor. 

The  conditions  in  the  quarry  mentioned  above  are  about  the 
most  complicated  that  can  occur,  as  the  joints  are  not  only  seemingly 
irregular,  but  many  of  them  are  indistinct.  If  the  most  complicated 
conditions  can  thus  be  handled  satisfactorily  simpler  problems  should 
be  comparatively  easy  of  solution. 

CUTTtNO  WITH  UNSOUNDNESS  IN   TENNESSEE   QUARRIES. 

In  some  of  the  Tennessee  quarries  there  are  distinct  joints  known 
as  "cutters,"  and  other  cracks  which  are  indistinct,  appearing  as 
fine  white  lines.  The  latter  are  known  as  hair  lines.  Though  the 
hair  lines  are  difficult  to  recognize  in  blocks  or  in  the  quarry,  thin  slabs 
break  readily  along  these  planes. 

In  some  quarries  the  distinct  cutters  show  a  prevailing  system  and 
the  hair  lines  a  second  system  nearly  at  right  angles  to  the  former. 
Under  such  conditions  the  rock  may  be  quarried  to  advantikge  if  the 
cracks  are  not  too  close  together. 

An  excellent  example  of  quarrying  in  accordance  with  rock  struc- 
tiwe  and  unsoundness  is  to  be  found  in  a  quarry  near  Knoxville,  Tenn, 
Open  bedding  pianos  dip  16°  to  20°  N.,  "cutters"  occur  in  a  predomi- 
nating cast-and-west  system,  and  indistinct  hair  lines  run  generally 
north  and  south.  The  rock  is  channeled  north  and  south,  drilled 
east  and  west,  and  quarried  on  a  slanting  floor,  thus  paralleling  the 
three  prominent  rock  structures. 

POSSIBLE   OBJECTIONS  DISCUSSED. 

Some  quarrymen  would  condemn  a  new  method  immediately  if 
it  were  found  that  a  decrease  in  the  rate  of  chaimeling  resulted. 
Such  actio  n  would  indicate  faulty  reasoning.    Quarrymen  must  realize 
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fully  that  their  purpose  is  not  to  produce  channel  cuts  and  drill  holes, 
but  blocks  of  sound  marble.  If  by  a  new  method  a  greatly  increased 
proportion  of  sound  stock  is  obtained  at  a  nominal  increase  in  cost 
of  production,  the  method  is  successful  even  though  the  rate  of  chan- 
neling is  greatly  reduced. 

To  properly  search  out  and  map  tmsoimdness  requires  considerable 
time  and  energy.  However,  the  far-seeing  quarryman  realizes  that 
such  labor,  although  temporarily  unproductive,  prepares  the  way  for 
more  economical  and  efficient  operations.  It  is  important  that  quar- 
rymcn  should  recognize  the  undoubted  desirability  of  such  prelimi- 
nary investigation  and  the  modification  of  methods  to  suit  the 
conditions. 

METHODS   OP  SEARCHINO  FOR  INDISTINCT  JOINTS. 

If  joints  are  very  indistinct,  a  method  of  search  devised  by  a  Ten- 
nessee marble  company  is  noteworthy.  As  all  quarrymen  know,  only 
distinct  joints  can  be  recognized  on  a  channeled  surface.  They  are 
much  more  easily  recognized  on  a  fractured  surface.  Hence,  before 
making  cross  breaks  on  a  long  channeled  mass  the  quarryman  takes 
a  hand  tool  and  a  hammer  and  '' points"  a  strip  about  6  inches  wide 
in  a  horizontal  direction  across  the  channeled  surface.  The  effect  is 
to  produce  a  band  having  a  fractured  surface  on  which  the  natural 
joints  are  easily  detected.  The  cross  breaks  are  then  made  where  the 
joints  appear,  and  much  of  the  xmsoundness  is  in  consequence  elimi- 
nated from  the  finished  blocks. 

The  same  method  is  followed  on  the  quarry  floor.  "Pointed" 
bands  are  made  in  two  directions  at  right  angles  and  10  to  12  feet 
apart.  The  joints  are  thus  located  and  the  channel  cuts  can  then 
be  made  to  best  advantage. 

In  a  certain  Alabama  quarry  small  pieces  are  broken  off  the  cor- 
ner along  the  working  edge  of  a  quarry  floor,  thus  exposing  fractured 
surfaces.  When  water  is  thrown  on  the  surfaces  the  indistinct  joints 
appear  as  fine  white  lines.  Channel  cuts  are  then  spaced  to  coincide 
with  the  joint  lines  wherever  possible. 

THE  BOWLDER    QUARRIES  OF  TENNESSEE. 

,  Unsoundness  in  certain  Tennessee  marble  quarries  is  greatly  em- 
phasized by  erosion.  Running  water  has  entered  the  minute  frac- 
tures and  so  worn  them  that  lai^e  cavities  have  been  formed  between 
which  the  rock  stands  up  as  pinnacles  and  spires.  The  cavities  are 
now  filled  with  clay.  Such  a  condition  constituted  what  is  known 
in  Tennessee  as  a  bowlder  quarry.  As  the  erosion  began  in  planes 
of  weakness  it  is  probable  that  the  masses  of  rock  that  now  remain 
are  comparatively  sound.  In  such  quarries  Uttle  if  any  channeling 
is  necessary. 
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TECIINOLOGV    OF    MARBLE   QUARRYING. 
STUDY  OF   UNSOUNDNESS   IMPORTANT. 


The  suggestion  in  the  section  devoted  to  prospecting  and  developing 
marble  deposits  that  a  careful  preliminary  study  of  unsoundness 
should  be  made  before  operations  are  commenced  on  any  prospect 
will  be  more  fully  appreciated  when  quarrymen  have  studied  the 
preceding  paragraphs  and  noted  the  vast  influence  unsoundness 
exerts  on  the  proportion  of  waste  produced.  It  is  probable  that 
greater  losses  result  from  quarrying  without  regard  for  imsoimdness 
than  from  any  other  single  cause.  Present  operators  may  in  many 
instances  greatly  increase  the  proportion  of  sound  stock  quarried  by 
making  careful  study  and  detailed  diagrams  of  ail  visible  imsoundness 
and  then  seeking  methods  of  excavation  that  are  best  in  accord  with 

^  the    conditions.      Suffi- 

cient examples  have 
been  cited  to  convince 
the  most  doubting  of 
the  economy  of  such 
methods. 

THE  QUARRY  OPERATOR'S 
PRIME  OBJECT. 

In  concluding  the  dis- 
cussion of  channeling  in 
accordance  with  bedding 
and  unsoundness  the 
author  desires  to  empha- 
size the  fact  that  the 

i'lGUBE  12.— Metbod  of  channeling  a  quarry  floor  employed  by  a    pf  inie   object   in  marble 

Georgia  marble  company.  ^  .     ^ .  ^  ^  ^    - 

quarrying  is  not  to  estab- 
lish high  records  in  rate  of  channeling,  or  in  gross  production  per 
man  per  month,  irrespective  of  the  form  or  quality  of  the  product, 
but  rather  to  produce  rectangular  blocks  of  sound  marble.  This 
object  should  be  kept  prominently  in  view,  and  should  govern  the 
choice  of  machinery  and  the  method  of  rock  removal  in  every  instance. 

REDUCTION   IN   NUMBER   OF   CORNER   CUTS. 

All  operators  of  channeling  machines  are  familiar  with  the  loss  of 
time  resulting  from  the  necessity  of  cutting  out  comers  when  wall 
cuts  are  mot  by  subsequent  channel  cuts.  Methods  of  channeling 
should  be  devised  that  tend  to  reduce  to  a  minimum  the  number  of 
comer  cuts  required.  The  plan  followed  by  a  Georgia  marble 
company  may  well  be  cited.  Figure  12  shows  the  position  of  channel 
cuts  on  a  bench  that  is  open  to  the  north.    The  first  step  is  to  make  the 
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wall  cuts,  X,  y,  and  z.  Next,  the  two  cuts,  m  and  n,  are  made.  Their 
purpose  is  to  remove  the  necessity  of  cutting  out  numerous  comers. 
By  making  these  cuts  only  three  comers,  a^,  a,,  and  ag,  must  be  cut 
out.  After  the  cut  o  has  been  made,  the  short  cuts  \  to  6g  follow,  and 
finally  the  cuts  Cj  to  Cg.  The  key  blocks  /  to  10  are  broken  free  suc- 
cessively by  gadding  and  wedging,  beginning  at  the  open  edge  of  the 
bendi.  When  these  blocks  have  been  removed,  blocks  11  to  19  are 
successively  raised  and  removed.  It  vnll  be  noted  that  the  prevailing 
joints  run  approximately  east  and  west.  Blocks  11  to  19,  when 
wedged  up  from  beneath,  break  along  joints.  This  plan  has  the 
double  advantage  of  making  cross  drill  holes  unnecessary  and  at  the 
same  time  of  reducing  to  a  minimum  the  number  of  joints  that  inter- 
sect blocks.  Blocks  of  considerable  length  free  of  joints  may  bo  used 
for  colunms. 

CHANNELING  IN  RELATION   TO  EIFT. 

In  certain  marble  deposits  there  is  a  tendency  for  the  rock  to  split 
with  greater  ease  in  one  particular  vertical  plane.  Ordinarily,  under 
such  conditions,  channel  cuts  should  be  made  at  right  angles  to  the 
direction  of  the  rift  in  order  that  advantage  may  be  taken  of  this  ease 
of  splitting,  thus  facilitating  the  making  of  cross  breaks.  If  no  rift 
exists,  the  difficulty  of  obtaining  a  straight  and  even  break  may  be  so 
great  as  to  justify  channeling  in  both  directions. 

T7SB  OF  WntB  SAW  IN  QTTABBIES. 
MECHANISM  OF  THE   WIRE   SAW. 

The  wire  saw  consists  of  an  endless  wire  rope  about  one-fourth  inch 
in  diameter  and  composed  of  three  strands.  The  wire  passes  around 
a  driving  wheel  and  is  carried  on  pulleys  to  that  part  of  the  quarry 
where  cutting  is  to  be  done.  A  sliding  carriage  is  placed  at  a  con- 
venient point  in  the  circuit  to  give  the  necessary  tension  to  the  wire. 
Renwick**  states  that  in  Prance  and  Belgium  holes  2  to  3  feet  in 
diameter  are  cut  by  means  of  cylindrical  core  drills.  The  core^  are 
removed  and  standards  erected  in  the  holes.  Pulleys  over  which  the 
vdre  runs  are  attached  to  these  standards. 

THE   PENETRATING  PULLEY. 

In  early  days  much  difficulty  was  experienced  in  guiding  the  wire 
in  a  slanting  direction,  but  this  difficulty  was  overcome  in  1898  by 
the  invention  of  the  "penetrating  pulley."  This  device  is  thus 
described  by  Renwick:* 

The  pulley  consists  of  three  parts — (1)  the  pulley:  This  is  a  steel  disk  19.6  inches 
in  diameter  and  0.27  to  0.31  inch  thick,  grooved  on  its  edge  to  receive  the  wire.    On 

a  Renwlck,  W.  O.,  Marble  and  marble  working,  London,  1909,  p.  34. 
h  Renwick,  W.  O.,  Op.  cit.,  p.  38. 
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the  central  part  of  the  disk  and  projecting  on  each  side  is  a  boss  supporting  a  steel 
axle  0.97  inch  long.  (2)  The  fork:  This  takes  the  shape  of  a  hollow  steel  bar  2.4 
inches  in  diameter,  grooved  at  the  lower  end  to  receive  the  pulley,  and  which  can  be 
lengthened  by  a  series  of  tubes  of  similar  diameter.  The  bc'.tom  of  the  fork  acts 
as  a  bearing,  on  which  the  pulley  runs.  (3)  The  carriage:  This  consists  of  a  standard 
which  can  be  placed  in  position  by  three  screws  or  guys.  The  standard  carries  a 
screw  and  drum  attachment,  by  which  an  automatic  progressive  motion  is  given  to 
the  fork  from  the  rotation  of  an  exterior  pulley,  on  which  the  helicoidal  wire  runs. 

The  operation  of  extracting  stone  is  as  follows:  Two  holes  are  first  sunk  to  receive 
the  fork  on  which  the  pulley  runs.  The  standards  carrying  the  wire  having  been 
placed  in  position  and  the  wire  set  in  motion,  the  penetrating  pulley  is  brought  close 
to  the  rock.  The  thickness  of  the  pulley  being  slightly  less  than  the  diameter  of  the 
wire,  the  latter  projecting  from  the  edge  of  the  pulley  wears  into  and  bites  the  rock, 
forming  a  groove  into  which  the  pulley  enters.  Sand  and  water  are  fed  to  the  descend- 
ing wire,  and,  the  fork  supporting  the  pulley  following  the  hole  made  to  receive  it, 
the  wire  is  carried  through  the  rock  from  one  standard  to  the  other,  making  a  cut  in 
the  direction  required.  Crosscuts  are  obtained  by  altering  the  position  of  the  stand- 
ards. Cuts  can  be  made  along  a  length  of  10.9  to  16.3  yards,  and  for  an  equal  depth, 
the  progress  of  the  cut  being  1.56  to  5  inches  per  hour,  this  depending  on  the  nature 
of  the  material  and  the  length  of  the  cut. 

INSTANCE   OF   USB  OF  WIKE   SAW  IN  QUARRY. 

Although  the  wire  saw  is  used  extensively  by  marble-finishing 
plants,  its  use  in  American  quarries  has,  during  recent  years,  at  least, 
been  confined  to  certain  Colorado  quarries.  In  these  quarries  it  has 
been  found  that  the  most  useful  appUcation  of  the  wire  saw  in  quarry 
work  is  in  the  cutting  out  of  masses  of  !tock  situated  between  two  shafts. 
In  the  early  days  of  these  quarries  three  shafts  60  to  80  feet  apart 
were  opened  in  the  mountain  side.  After  they  had  been  carried 
down  to  a  considerable  depth  it  was  foimd  advantageous  to  remove 
the  intervening  masses  and  to  develop  a  single  large  opening.  By 
means  of  a  core  drill  a  hole  was  projected  from  one  excavation  to  the 
next  at  a  point  close  to  the  ceiling.  The  wire  was  passed  through 
this  hole,  fitted  around  the  necessary  pulleys,  and  spUced  to  form  a 
continuous  belt.    Steel  shot  and  water  were  used  as  abrasive. 

A  mass  4  feet  wide  and  6  feet  high  and  extending  from  one  opening 
to  the  other  was  first  removed  to  give  a  working  space.  Both  wall 
and  ceiling  cuts  were  made  with  the  wire  saw.  The  ceiling  cuts,  were 
somewhat  slower  and  more  difficult  to  make  than  the  wall  cuts,  as  the 
abrasive  woxild  not  feed  readily  to  the  saw.  A  second  horizontal  cut 
was  made  about  18  inches  below  the  ceiling  cut.  The  intervening 
mass  was  broken  up  and  removed  as  waste  in  order  to  gain  sufficient 
room  for  the  removal  of  blocks  without  jamming.  On  account  of 
the  narrowness  of  the  saw  cuts,  great  difficulty  is  often  encountered 
in  removing  this  material.  It  may  be  noted,  however,  that  a  great 
saving  of  marble  is  thus  effected,  as  in  ordinary  timneling  the  pre- 
liminary opening  is  6  or  7  feet  high.    Additional  vertical  cuts  were 
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spaced  in  the  same  manner  as  those  made  with  a  channeUng  machine, 
whereas  the  cross  and  the  floor  breaks  were  made  by  drilling  and 
wedging. 

It  has  been  found  that  the  cutting  is  just  as  effective  if  the  abra- 
sive is  fed  to  the  saw  at  one  point  only,  the  point  where  it  enters 
the  rock,  as  when  fed  at  several  poLats  along  its  course  through  the 
rock. 

DESIRABILITY    OF    USING    LONG  WIRE. 

It  is  important  that  a  long  wire  be  employed.  The  wire  is  abraded 
during  the  process  of  sawing  and  continually  becomes  smaller  until 
at  some  point  it  becomes  too  weak  to  withstand  the  strain  and  breaks 
in  consequence.  It  is  obvious  that  by  increasing  the  length  of  the 
wire  the  rate  of  wear  on  any  given  part  is  correspondingly  diminished. 
One  company  uses  a  wire  nearly  a  mile  long.  Formerly  the  super- 
fluous wire  was  passed  around  a  drum  in  numerous  turns.  It  has 
been  found  more  satisfactory,  however,  to  run  the  wire  in  a  simple 
turn  over  a  pulley  situated  at  a  distance  from  the  quarry. 

METHOD   OP  REPLACING  AN   OLD  WIRE   BY  A  NEW   ONE. 

In  the  early  days  of  wire-saw  operation  much  time  was  lost  when  a 
wire  was  worn  out  before  a  cut  had  been  completed,  as  the  opening 
cut  by  a  wire  gradually  becomes  narrower  as  the  wire  is  reduced  in 
size  by  abrasion.  When  the  wire  was  replaced  by  a  new  one  much 
of  the  cutting  had  to  be  repeated,  as  the  opening  was  too  narrow  for 
the  new  wire. 

Recently  a  method  has  been  employed  that  obviates  this  difficulty. 
When  the  wire  has  been  worn  small  and  appears  nearly  ready  to  be 
discarded,  the  force  that  crowds  it  against  the  bottom  of  the  cut  is 
relaxed,  and  it  is  allowed  to  run  freely  for  some  time.  It  thus  wears 
an  opening  larger  than  its  diameter.  The  new  wire  can  be  drawn 
through  this  opening,  and  the  cut  continued  with  httle  loss  of  time. 

DISADVANTAGES   IN   USE   OF   WIRE  SAW. 

When  working  normally  the  wire  saw  cuts  much  more  rapidly  than 
a  channeling  machine  and  requires  less  attention. 

The  presence  of  flint  balls  in  marble  is,  however,  a  serious  obsta- 
cle to  the  successful  operation  of  the  wire  saw.  On  account  of  its 
extreme  hardness  the  flint  will  greatly  diminish  the  speed  of  cutting 
or  may  entirely  suspend  progress.  Moreover,  the  wire  is  hkely  to 
pass  aroimd  the  mass  of  flint,  and  in  doing  so,  may  be  offset  3  or  4 
inches  from  its  regular  course,  residtiiig  in  an  imeven  surface. 

Another  disadvantage  in  the  use  of  the  wire  saw  is  the  obstruc- 
tion of  other  operations  by  the  wires  that  pass  through  the  quarry. 

16207°— Bull.  106—18 6 
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They  interfere  more  particularly  with  the  pulling  and  the  hoisting  of 
blocks.  Seemingly,  the  wire  saw  is  best  adapted  for  catting  out 
masses  of  rock  that  intervene  between  two  shafts.  Its  advantage 
over  the  channeling  machine  in  the  ordinary  process  of  quarrying 
has  not  yet  been  demonstrated  in  any  American  quarry. 


DBILLZNG. 


MACHINERY. 


Ordinarily  in  quarry  drilling  vertical  holes  are  made  with  a  tripod 
drill  or  bar,  holes  in  the  face  in  horizontal  rows  with  a  quarry  bar, 
and  in  vertical  or  inchned  rows  with  a  gadder.  A  bar  is  better  than 
a  tripod  drill  for  projecting  rows  of  holes  in  a  straight  line,  as  it  saves 
much  time  in  moving. 

Recently  the  jackhammer  has  replaced  both  bars  and  tripod  drills 
in  several  quarries.  It  has  a  mechanical  rotating  device  and  may  be 
run  as  a  one-man  drill.  It  uses  hollow  steel.  It  is  run  dry,  and  part 
of  the  exhatist  passes  down  inside  the  drill  and  blows  out  the  rock 
dust.  On  this  accotmt  it  is  best  operated  by  air,  as  steam  condenses 
and  forms  a  mud  which  is  removed  with  some  difficulty.  YHien 
operated  with  steam  it  ceases  to  be  a  one-man  drill,  as  a  helper  is 
required  to  pour  water  down  the  hole. 

The  jackhammer  is  operated  as  a  hand  drill,  and  is  a  great  time- 
saver,  as  a  few  seconds  only  are  required  to  change  steel  or  to  move 
to  a  new  hole. 

In  one  Alabama  quarry  jackhammers  have  now  replaced  all  bar  and 
tripod  drills.  In  1913  and  1914  tripod  and  bar  drills  were  used,  and 
in  1915  jackhammers  took  their  places.  The  increased  efficiency  that 
results  is  shown  in  the  following  table: 

Drilling  record  of  a  quarry  in  which  jackhammers  superseded  tripod  and  bar  drills. 


Period. 


1913 

1914 

1915. 
January... 
February. . 
March 


Linear  feet 

of  drill 

hole  cut 

per  month. 


0  11,981 
0  8,699 


6,022 
7,203 
7,760 


Cost  per 

linear 

foot. 


10.0780 
.0682 


,0404 
0332 
0392 


Gutting 
rate  in  10- 
hour  day. 


Linear  feet. 

99.7 

106.0 


90.0 
105.4 
113.0 


Cutting 

rate  in  10 

hours  of 

actual 

cutting. 


Linear  feet. 
132.6 
135.0 


106.2 
111.0 
117.0 


Time  eflSdency. 


Prcportion 

oitime 

drilling. 


PercerU. 
78.63 
79.00 


88.74 
96.02 
96.50 


PrcHMHtlon 
oitime 
lost  in 

repairing. 


Percent, 
0.70 
1.09 


0.91 
0.58 
0.43 


Propwtioo 
of  time 
lost  hi 

movhig. 


PercaU. 
20.43 
19.91 


10.35 
4.39 
3.06 


o  Average  of  12-month  period. 


The  cost  per  linear  foot  in  March,  1916,  was  just  half  as  much  as 
the  average  for  1913,  and  40  per  cent  less  than  the  average  for  1914. 
This  reduction  in  cost  was  due  partly  to  the  employment  of  one 
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instead  of  two  men  for  each  drill,  and  partly  to  the  increased  time 
efficiency  indicated.  In  1913  and  1914  the  drills  were  operating  on 
an  average  only  79  per  cent  of  the  time,  whereas  about  20  per  cent 
was  required  for  moying.  In  March,  1915,  the  jackhammers  were 
actually  at  work  96.5  per  cent  of  the  time,  and  only  3  per  cent  was 
required  for  moving. 

Other  hollow-steel  drills  of  similar  type  are  now  on  the  market,  but 
are  not  in  as  general  use  as  the  jackhammer,  and  no  figures  concerning 
their  efficiency  were  obtained. 

A  highly  efficient  bar  drill  employed  by  a  Georgia  marble  company 
is  used  for  both  vertical  and  horizontal  rows  of  holes  in  the  quarry 
face.  The  bar  is  more  than  12  feet  long,  and  two  drills  are  attached 
to  it.  In  making  a  horizontal  line  of  holes,  each  driller  completes 
6  feet  of  holes,  and  then  the  whole  outfit  is  moved  12  feet,  and  the 
process  is  repeated.  In  drilling  the  face,  two  vertical  rows  of  holes 
are  projected  simultaneously,  one  drill  operating  on  each  row.  At 
the  completion  of  each  pair  of  holes  the  bar  is  moved  up  to  the  proper 
position  for  the  next  pair.  Much  time  is  thus  saved  as  it  takes  no 
longer  to  adjust  the  bar  for  two  drills  than  for  one. 

With  the  exception  of  the  jackhammer,  most  drills  work  successfully 
with  either  steam  or  compressed  air.  If  electric  power  is  available, 
drills  of  special  design  may  each  be  operated  by  a  portable  motor- 
driven  pulsator.  This  method  is  especially  advantageous  if  drilling 
operations  are  carried  on  at  a  considerable  distance  from  the  power 
plant,  as  power  can  be  transmitted  with  greater  ease  by  wire  than 
by  pipe  lines  or  hose,  and  with  less  loss  of  power  through  leakage, 
friction,  or  heat  radiation. 

DRILLING  IN  RELATION  TO  CHANNELING. 

The  separation  of  rock  masses  is  ordinarily  less  expensive  per 
square  foot  by  drilling  and  wedging  than  by  channeling.  The  former 
method  can  be  employed^  however,  only  where  a  channel  cut  allows 
freedom  of  motion  of  the  block  in  the  direction  in  which  the  wedges 
tend  to  force  it.  Thus  a  certain  amoimt  of  channeling  is  imavoidable. 
If  there  is  a  decided  rift  in  the  marble,  drill  holes  may  be  placed 
much  farther  apart  when  splitting  is  being  carried  in  the  direction 
of  the  rift  than  when  the  spUtting  is  carried  across  the  rift.  On  this 
account  when  the  wall  cuts  are  made,  if  the  direction  of  channeling 
is  not  influenced  by  bedding  or  unsoundness,  one  set  of  channel  cuts 
should  be  made  in  a  direction  at  right  angles  to  the  rift,  and  the 
cross  breaks  made  by  drilling  and  wedging.  Advantage  is  thus  taken 
of  the  rift  direction  to  reduce  the  number  of  drill  holes.  As  regards 
''liver  rock,"  a  term  appUed  to  a  marble  that  has  no  rift,  the  necessity 
for  placing  drill  holes  close  together  and  the  difficulty  of  obtaining 
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a  uniform  break  if  tho  plug-and-feather  method  is  employed,  may 
render  it  advisable  to  channel  in  both  vertical  directions  and  to 
wedge  only  on  the  floor. 

ABRANOEBfENT  AND  SPACING  OF  HOLES   FOB  CROSS   BREAKS. 

If  the  rock  is  uniform  and  sound  drill  holes  may  be  spaced  regularly 
in  vertical  holes.  The  spacing  of  drill  holes  varies  from  4  inches  to 
2  feet,  depending  on  the  ease  of  splitting  the  marble.  Wh^i  the 
marble  is  unsound  or  lacks  uniformity  in  color  or  texture,  it  may  be 
necessary  to  make  slanting  cross  breaks  in  order  to  avoid  waste  and 
to  properly  grade  the  product.  Such  breaks  are  shown  in  Plate 
V,  jB,  p.  58. 

DRILL  HOLES  FOB  FLOOR   BREAKS. 

When  channeling  is  done  in  one  direction  only,  except  for  wall  cuts, 
the  long  masses  of  marble  are  broken  loose  from  the  floor  before  cross 
breaks  are  made.  Occasionally  a  floor  cut  is  made  with  a  channeling 
machine,  but  almost  invariably  they  are  made  by  drilling  and  wedg- 
ing. As  with  holes  for  cross  breaks,  the  spacing  of  the  holed  is 
governed  by  the  ease  with  which  the  marble  spUts.  A  common 
practice  is  to  make  alternate  holes  shallow  and  the  intervening  holes 
the  full  depth  of  the  break  desired.  The  depth  of  each  hole  is  marked 
on  the  rock  surface  for  the  guidance  of  the  worker  in  selecting  wedg^. 
The  holes  may  be  parallel  with  each  other  or  may  radiate  in  fanlike 
form. 

PROPER  SIZE   FOR  DRILL  HOLES. 

Drill  holes  should  be  as  small  size  as  possible  without  detracting  from 
wedging  efficiency.  Most  drill  holes  are  made  1^  to  If  inches  in 
diameter.  It  has  lately  been  demonstrated  that  the  diameter  of  drill 
holes  can  be  greatly  reduced  without  interfering  with  the  successful 
operation  of  wedges.  J.  P.  McGuskey,  quarry  superintendent  of  the 
Alabama  Marble  Co.,  found  that  on  an  average  4i  minutes  was 
required  to  drill  a  l|-inch  hole  2  feet  deep.  The  time  required  to 
drill  a  IJ-inch  hole  2  feet  deep  was  only  2i  minutes.  All  drill  holes 
in  the  quarry  of  the  company  mentioned  are  now  made  IJ  inches  in 
diameter.  The  change  from  If  to  IJ  inches  has  resulted  in  a  reduc- 
tion of  44  per  cent  in  the  time  consumed  per  linear  foot  of  drilling. 

In  order  to  wedge  successfully  in  holes  of  such  small  diameter, 
wedges  of  special  design  are  used.  They  are  described  subsequently 
under  the  title  ''Wedging." 

ADVANTAGE   OF  RBAMINO  DRILL  HOLES. 

Acting  on  a  suggestion  made  by  the  writer,  a  certain  marble  company 
tried  tho  experiment  of  using  a  reamer  to  cut  grooves  on  the  opposite 
sides  of  drill  holes,  thereby  assisting  the  spUtting  so  materially  that 
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fewer  drill  holes  were  required.  The  reamer  was  made  in  the  form 
of  a  drill  with  wings  at  the  sides  sufficient  to  cut  grooves  about  one- 
fourth  of  an  inch  deep  on  opposite  sides  of  the  drill  hole.  It  could  be 
used  only  in  a  reciprocating  drill.  When  the  hole  was  completed 
the  drill  bar  was  removed  and  the  reamer  put  in  its  place.  The 
rotating  device  was  thrown  out  of  gear,  and  by  means  of  a  bar  through 
which  the  square  shank  of  the  reamer  passed ,  the  latter  was  held  in 
proper  position  to  cut  the  grooves  exactly  in  line  with  the  desired 
direction  of  splitting. 

It  was  found  that  a  straight  break  could  be  made  with  drill  holes 
at  least  twice  as  far  apart  as  when  no  reamer  was  employed.  How- 
ever, no  reamers  could  be  found  that  would  bear  the  work  required 
of  them.  The  projections  invariably  broke  off  after  short  service. 
Until  this  mechanical  difficulty  has  been  overcome,  the  method  is  not 
considered  to  be  practical. 

SHARPENING  AND  TEMPERING  OF   DRILLS. 

Economy  in  drilling  depends  to  a  great  extent  on  the  ability  of  the 
blacksmith  to  properly  sharpen  and  temper  drills.  If  the  drills  are 
too  hard  they  will  chip  easily,  and  if  too  soft  they  dull  rapidly. 
Uniformity  in  the  size  of  drills  is  also  important.  Much  annoyance 
and  loss  of  time  will  probably  result  from  an  endeavor  to  continue  a 
drill  hole  with  a  drill  slightly  larger  than  the  one  employed  to  drill 
the  first  part  of  the  hole. 

WEBGIKa. 
TYPES  OF  WEDGES   EMPLOYED. 

In  some  quarries  wedges  that  reach  only  a  short  distance  into  the 
drill  holes  are  employed.  As  the  entire  strain  is  near  the  rock  sur- 
face heavy  sledging  is  necessary,  and  uneven  fractures  may  result. 
The  method  is  not  effective. 

The  long  wedges  commonly  used  represent  a  marked  improvement. 
Iron  plates  or  feathers  are  attached  to  their  extremities  with  wire  in 
order  to  hold  them  in  proper  position  while  being  inserted  into  the 
drill  holes.  When  the  wedges  are  driven  the  strain  is  thus  exerted  at 
points  near  the  bottoms  of  the  drill  holes.  If  alternate  holes  are 
made  half  depth  the  strain  is  more  evenly  distributed. 

It  has  been  mentioned  in  a  previous  paragraph  that  one  quarry 
company  reduced  the  size  of  drill  holes  to  IJ  inches.  Ordinary 
wedges  reduced  to  fit  such  holes  were  not  strong  enough  to  withstand 
the  heavy  sledging  required.  Consequently  a  wedge  was  designed 
that  gave  effective  service  with  lighter  blows. 

The  type  that  has  proven  highly  successful  is  shown  in  figure  13 
The  feathers  are  3  feet  long  and  the  plug  3  feet  9  inches,  the  additional 
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d  inches  being  required  for  driTing. 
The  plug  tapers  gradually  f rom  ff  inch 
in  diameter  at  the  top  to  ^  inch  at  the 
bottom.     The  feathers  are  curved  on 
one  surface  to  fit  tJie  drill  hole,  and 
the  flat  Burface  is  perfectly  straight 
and  gives  a  uniform  taper  from  one 
end  to  the  other.    They  are  made 
tjiie  to  form  in  a  swage.     The  im- 
portant feature  of  the  design  is  that 
the  diameter  B-B  at  the  top  of  the 
feathers  is  exactly  the  same  as  the 
diameter  C-C  at  the  bottom,    IJ 
inches.    As  a  consequence  when  the 
.     plug  and  the  feathers  are  inserted  into 
1     the  drill  hole  in  the  position  shown  in 
I    the  figure,  one  side  of  each  feather  is 
I    in  contact  with  the  plug,  and  the  other 
■    side  with  the  wall  of  the  drill  hole 
■9     throughout  its  entire  length.     When 
£     the  plug  is  driven  the  feathers   are 
H    forced  apart  a  uniform  distance  at 
^     every  point,  and  as  a  result  the  press- 
^    ure  exerted  is  uniformly  distributed 
■I    over  their  full  length.     Straight  and 
I    even  fracttffes  result,  and  are  obtained 
S     with  much  lighter  sledging  than  by 
H     any  other  method  yet  devised. 

a  UNIFORU   8TBAIN   DESIRED. 

I  It  is  important  that  in  driving  wedges 
there  should  be  equal  strain  on  all  of 
them.  If  wedges  near  one  end  of  a 
long  mass  of  marble  are  driven  much 
harder  than  those  near  the  other  end, 
an  irregular  cross  break  may  result. 
In  other  words  an  artificial  strain 
break  may  be  produced,  especially  in 
long  breaks  in  marble  that  has  no  rift. 
Wedging  such  marble  should  never  be 
unduly  hastened.  A  more  uniform 
break  will  result  by  giving  the  rock 
time  to  fracture  gradually  than  by 
forcing  it.  Uniformity  of  streun  and 
moderation  in  the  rate  of  fracturiiif; 
may  both  be  beat  accomplished  by  em- 
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ploying  one  man  only  on  a  single  floor  break.  Different  men  strike 
blows  with  different  degrees  of  force,  and  thus  although  one  man  may 
drive  a  wedge  with  the  same  number  of  blows  as  another,  one  may 
exert  a  much  greater  strain  than  the  other.  Also  when  two  or  more 
men  are  employed,  there  is  a  tendency  to  force  the  break  at  a  too 
rapid  rate. 

If  ^ort  breaks  are  made,  or  if  the  marble  has  a  decided  rift  parallel 
with  the  direction  in  which  fracture  is  desired,  more  latitude  may  be 
allowed.  In  some  quarries  several  men  work  together  in  driving 
wedges,  a  leader  giving  the  word  so  that  all  strike  at  once.  A  gang 
may,  with  practice,  work  together  in  this  manner  and  produce  a  uniform 
strain.     If  the  rapid  spUtting  has  no  ill  effect  the  method  is  justified. 

EFFECT  OF  RIFT  ON  DRILLING   AND  WEDGING. 

It  has  already  been  stated  that  the  process  of  splitting  is  greatly 
faciUtated  by  rift.  If  there  is  an  exceptionally  pronoimced  rift  in 
a  horizontal  direction,  it 
may  be  possible  to  make 
a  floor  break  double  the  • 
width  of  an  ordinary  mar- 
ble block.  This  method 
is  employed  by  a  Mary- 
land company.  After  the 
wall  cuts  have  been  com- 
pleted, channel  cuts  are 
made  12  feet  apart  and 

m  one  direction  only.      A  fioubb  14.-Influenoe  of  nrt  on  bottom  breaks.   Holes  drlUed 

floor    break    is   made    the  indirection  a,  if  too  shallow,  will  result  in  break  at  z  and 

full  12  feet  wide,  and  then  i^"f«  Wo<ta;  holes  drilled  in  direction  b  will  result  In  a 

1  1     .         -I..  stialghter  break. 

the  mass  of  marble  is  spht 

lengthwise  by  drilling  and  wedging.  Thus,  in  one  direction,  the  rock 
is  intersected  by  alternate  channel  cuts  and  rows  of  drill  holes,  and 
all  the  cross  breaks  are  made  by  wedging.  As  the  cost  of  drilling 
and  wedging  is  less  than  that  of  channeling  per  square  foot  of  surface 
produced,  a  considerable  saving  is  effected. 

In  most  marble  there  is  a  decided  rift  parallel  with  the  bedding. 
Therefore,  if  the  bedding  dips  at  a  steep  angle,  the  rift  may  be  inclined 
in  like  manner.  If  the  rift  is  inclined  and  the  quarry  floor  level,  the 
direction  in  which  drill  holes  are  projected  for  floor  breaks  is  a  matter 
of  considerable  importance.  In  a  Colorado  quarry  in  which  the  floor 
is  level  and  the  rift  steeply  inclined  the  channel  cuts  are  made  parallel 
with  the  strike  of  the  rock.  The  allowance  that  should  be  made  for 
the  influence  of  rift  on  the  process  of  wedging  under  such  conditions 
is  shown  in  figure  14.  When  the  row  of  key  blocks  has  been  removed 
holes  may  be  drilled  in  the  direction  shown  by  the  arrow  a  in  the 
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figure.  When  the  holes  are  wedged  there  is  a  tendency  for  the  break 
to  leave  the  plane  of  ther  drill  holes  and  slant  upward  on  the  rift, 
thus  removing  a  comer  of  the  block,  as  at  x.  When  the  holes  are 
drilled  in  the  opposite  direction,  shown  by  the  arrow  i,  if  the  channel 
cut  is  not  continued  lower  than  the  plane  of  the  drill  holes,  the  break 
will  be  straight,  as  it  will  not  run  down  below  the  bottom  of  the  channel 
cut.  As  a  consequence,  when  the  holes  are  drilled  in  the  direction  a 
they  must  be  made  deeper  than  when  drilled  in  the  opposite  direction. 
It  is  apparent  that,  to  avoid  waste  by  broken  comers  and  to  reduce 
the  expense  of  drilling,  the  row  of  key  blocks  shoiild  be  taken  out  as 
near  as  possible  to  the  left  side  of  the  quarry  as  viewed  in  the  figure 
in  order  that  most  of  the  drilling  may  be  done  in  the  direction  6. 

In  cutting  out  masses  of  marble  with  the  wire  saw  in  this  quarry  it 
was  difiicult  to  maintain  a  uniform  quarry  floor.  The  saw  cuts  were 
projected  downward  18  or  20  feet.  In  making  the  floor  breaks  in 
the  direction  a  (fig.  14)  there  was  a  tendency  for  the  break  to  pass 
upward  and  remove  a  comer  of  the  block,  and  in  making  the  floor 
break  in  the  opposite  direction  the  break  would  slant  downward  on 
the  rift  and  remove  a  comer  of  a  block  on  the  floor  beneath. 

BEMOVAIi  OF  KBY  BLOCKS. 

Various  methods  are  employed  for  removal  of  key  blocks.  As  in 
many  other  quarry  operations,  the  method  is  controlled  to  some 
extent  by  the  conditions  and  to  some  extent  by  the  skill  and  experi- 
ence of  the  foreman.  The  key  block  may  be  removed  in  fragments  as 
waste,  it  may  be  divided  into  a  number  of  small  blocks,  or  it  may  be 
removed  in  its  entirety. 

REMOVAL  OF    KEY  BLOCKS   AS  WASTE. 

If  a  band  or  mass  of  poorer  material  traverses  the  quarry,  the  key 
blocks  may  be  located  in  it.  The  mass  may  be  blasted  into  fragments 
and  removed  as  waste.  This  method  is  employed  by  a  North  Caro- 
lina company.  A  narrow  band  of  flinty  inferior  material  passes 
through  the  middle  of  the  quarry.  The  key  blocks,  consisting  of  this 
flinty  material,  are  removed  by  blasting,  and  no  unnecessary  loss 
ensues. 

However,  some  quarry  experts  think  that  even  inferior  rock  can 
be  removed  more  cheaply  in  large  masses  with  the  derrick  than  by 
breaking  it  and  removing  it  in  small  fragments.  In  areas  beyond 
the  reach  of  the  derrick  the  latter  method  is  to  be  preferred. 

Even  if  no  such  inferior  bands  or  masses  occur,  some  quarrymen 
blast  and  rfcmove  the  first  key  block  as  waste,  believing  this  method 
to  be  the  most  rapid  and  convenient.  Unless  the  marble  thus  quar- 
ried is  of  low  grade,  such  economy  of  time  will  not  justify  the  waste 
of  material. 
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MAKING   THE   FLOOR   BREAK. 

When  the  key  hlock  is  to  be  preserved,  the  first  step  after  channel- 
ing has  been  completed  is  to  make  the  floor  break  for  the  first  block. 
A  common  method  is  to  insert  a  slanting  iron  plate  in  the  bottom  of 
the  channel  cut  and  to  place  the  point  of  a  wedge  between  it  and  the 
the  key  block.  When  the  wedge  is  driven,  the  entire  strain  is  exerted 
at  the  bottom  of  the  block.  A  series  of  such  wedges  may  be  placed 
close  together.  If  the  floor  is  intersected  by  other  parallel  channel 
cuts,  it  is  necessary  to  place  wedges  in  those  immediately  behind  the 
point  where  wedging  is  done,  to  insure  that  the  fracture  will  take 
place  where  desired. 

A  method  now  rarely  used  is  to  charge  an  iron  tube  with  blasting 
powder,  tamping  it  hard  above  the  charge  and  plugging  it  lightly 
below.  The  end  of  the  pipe  containing  the  charge  is  placed  in  the 
bottom  of  the  channel  cut  and  a  strain  put  on  the  block  by  driving 
wedges.  When  the  charge  is  fired,  a  dean  break  is  said  to  result 
from  the  shock.  A  small  charge  placed  in  a  hole  drilled  in  the 
center  of  the  block  the  exact  depth  of  the  channel  cuts  will  act  in 
much  the  same  manner.  Such  a  hole  may,  however,  constitute  a 
serious  defect  in  the  block. 

After  the  first  block  has  been  removed,  horizontal  holes  may  be 
drilled  and  the  next  block  broken  loose  by  wedging  in  the  ordinary 
maimer.  When  the  working  space  is  too  confined  for  a  bar  driU,  a 
j  ackhammer  may  be  used.  When  the  bench  has  an  open  side,  the  first 
block  may  be  drilled  by  placing  a  drill  bar  in  a  waste  box  and  sus- 
pending it  in  proper  position  with  the  derrick. 

A  special  method  is  employed  in  a  Vermont  quarry,  where  opera- 
tions are  conducted  on  a  floor  slanting  about  45°.  If  key  blocks 
were  drilled  and  wedged  in  the  ordinary  maimer,  there  would  be 
great  danger  of  the  blocks  sliding  down  upon  the  men  the  moment 
they  were  broken  loose.  To  overcome  this  danger,  a  single  drill  hole 
is  projected  at  the  center  of  the  floor  line,  and  a  light  powder  charge 
is  exploded  in  it.  The  charge  is  so  small  that  it  makes  the  floor  break 
without  otherwise  shattering  the  block. 

HOISTING  OUT   KEY  BLOCKS. 

A  method  that  is  too  wasteful  to  be  recommended  is  to  quarter  the 
first  key  block  with  the  channeling  machine  and  remove  it  in  sec- 
tions. Removal  in  four  pieces  is  imdoubtedly  easier  than  in  one. 
There  are  two  serious  objections,  however — ^first,  the  additional 
expense  of  making  the  two  extra  channel  cuts,  and,  second,  the 
decreased  value  of  the  material  in  small  blocks.  It  is  probable  that 
the  marble  in  four  pieces  is  worth  less  than  half  as  much  as  the  intact 
block. 
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There  are  now  in  common  use  three  methods  of  removing  the  first 
key  block  in  its  entirety.  The  first  of  these  is  by  the  use  of  the 
Lewis  pin,  which  is  adapted  only  to  strong  rock.  A  hole  several 
inches  deep  is  drilled  into  the  middle  of  the  block.  A  bar  with  an 
eye  in  the  top  is  placed  in  the  hole  with  a  wedge  at  each  side  of  it,  as 
shown  in  figure  15.  The  bar  is  thicker  at  the  bottom  than  at  the  top, 
so  that  when  pulled  upward  it  tends  to  tighten  on  the  wedges,  when 
the  block  may  be  lifted  out  with  the  derrick  hoist. 

A  second  method  which  may  also  be  employed  in  strong  rock  is 
the  use  of  grabhooks.  Small  pieces  may  have  to  be  broken  from 
the  corners  of  adjoining  blocks  in  order  that  the  holes  may  be  drilled 
properly  and  that  there  may  be  room  for  the  hooks. 

A  third  method  is  employed  if,  the  beds  are  weak.  Chain  loops 
or  cables  are  thrown  over  the  block  from  opposite  sides.    They  are 

placed  nearthebottomof  the  block 
and  are  drawn  tight  and  the  block 
is  lifted  out  with  the  derrick  hoist. 


.  HOISTINO. 
TURNING  DOWN  BLOCKS. 

Blocks  are  usually  turned  down 
with  a  quarry  bar  before  the  hoist 
cable  is  attached.  When  mono- 
clinic  blocks  are  excavated  it  is 
difficult  to  turn  them  down.  In 
a  Vermont  quarry  the  tip  of  the 
block  is  raised  with  a  bar  and  a 
cable  sling  placed  beneath  it.    The 


FiouBE  15.— Lewis  pin  used  in  hoisting  key  blocks. 


block  is  then  raised  several  inches  with  the  derrick  and  blocked  up 
ready  for  final  cable  attachment.  • 

The  employment  of  the  derrick  to  assist  the  bar  gang  in  turning 
down  blocks  may  result  in  serious  risks  to  those  employed.  After 
the  first  fracture  has  been  made  a  block  is  by  no  means  free.  The 
interlocking  of  irregularities  on  the  surface  may  require  considerable 
strain  before  the  block  will  move.  When  the  derrick  is  employed 
there  is  grave  danger  of  breaking  a  boom  or  cable  with  consequent 
danger  of  serious  accident. 

CABLE   ATTACHMENT. 

The  hoist  cable  may  be  attached  to  blocks  by  grabhooks  or  chain 
or  cable  sUngs.  Grabhooks  are  employed  only  with  rock  that  is 
hard  and  coherent.  The  two  holes  for  the  hooks  are  made  on  oppo- 
site sides  of  the  block  a  few  inches  from  the  top.    A  mistake  is 
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sometimes  made  in  drilling  the  grabhook  holes  too  deep.  The 
chief  strain  then  comes,  not  at  the  tips  of  the  hooks,  but  on  the 
curved  parts  that  are  in  contact  with  the  upper  edge  of  the  block. 
As  a  consequence  a  comer  of  the  block  may  chip  oflf  and  allow  the 
whole  mass  to  fall.  The  holes  should  be  sufficiently  deep  to  allow 
a  firm  grip  of  the  rock  but  the  chief  pressure  should  fall  on  the  tip 
of  the  hook  in  the  bottom  of  the  hole;  Moreover,  great  care  must 
be  taken  in  hoisting  by  this  method.  The  rock  should  be  carefully 
balanced,  as  a  partial  rotation  may  cause  the  hooks  to  shp.  Under 
no  conditions  whatever  should  a  quarry  workman  occupy  a  position 
beneath  a  block  that  is  being  lifted  with  grabhooks. 

A  safer  method  of  attachment  is  to  pass  chains  under  the  block 
and  completely  around  it.  Blocks  are  held  much  more  securely  by 
this  method  and  there  is  little  danger  of  a  mass  of  rock  falling  on 
account  of  a  weak  bedding  plane  or  fracture.  A  chain  is,  however, 
rather  uncertain  in  its  strength,  and  detection  of  weak  links  is  some- 
what difficult.  When  a  chain  does  break  the  accident  is  usually 
quite  unexpected.  A  wide  margin  of  safety  and  frequent  examina- 
tion are  necessary. 

The  best  method  of  cable  attachment  is  by  means  of  cable  sUngs 
(PI.  VI,  A).  Such  slings  are  quickly  handled  and  the  use  of  two 
slings  renders  balancing  of  the  block  bomparatively  easy.  Defects 
in  steel  cables  are  easily  recognized.  A  reahzation  that  slings  are 
both  safe  and  convenient  has  led  to  their  adoption  in  many  quarries. 

EFFICIENT   HANDLING  OF  MATERIAL. 

All  imnecessary  handUng  of  material  should  be  avoided.  Blocks 
should  be  hoisted  from  the  quarry  and  loaded  on  cars  at  a  single 
operation  if  possible.  If  circumstances  wiU  not  permit  this,  they 
should  be  placed  in  a  convenient  position  for  future  loading.  At 
most  quarries  hoisting  and  loading  are  done  in  a  fairly  efficient 
maimer. 

However,  more  efficient  methods  of  handhng  waste  material  should 
be  devised.  In  many  quarries  there  is  great  loss  of  time  and  power 
in  rehandUng  waste  blocks.  At  one  quarry  waste  blocks  were  hoisted 
from  a  point  near  the  surface  at  one  side  of  an  excavation,  thrown 
to  the  bottom  of  a  50-foot  pit,  picked  up  with  a  second  derrick,  and 
deposited  on  cars.  Cars  were  situated  within  easy  reach  of  the  first 
derrick,  but  the  placing  of  the  blocks  on  them  necessitated  swinging 
the  blocks  over  channeling  machines.  Usually  such  conflict  of 
operations  may  be  avoided  by  careful  and  judicious  plans  for  quarry 
development.  Every  additional  operation  in  handling  waste  adds 
to  the  cost  per  cubic  foot,  and  every  increase  in  such  cost  cuts  down 
the  margin  of  profit  on  the  finished  product. 
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TTTNNEUNG. 
DEFINITION   OF  TUNNEL. 

In  quarrying  the  term  "tunnel"  is  applied  to  a  subterranean  work- 
ing, level  or  inclined,  having  a  roof  of  undisturbed  rock.  The 
term  is  used  in  contrast  with  the  "open-pit"  quarry  in  which  the 
opening  is  the  full  size  of  the  excavation,  and  with  the  "undercut'' 
quarry,  the  walls  of  which  slant  so  as  to  make  the  floor  space  wider 
with  increasing  depth. 

GENERAL  CONSIDERATIONS. 

Although  open-pit  quarrying  is  the  more  common  type,  there  are 
conditions  under  which  tunnel  methods  are  to  be  preferred.  A 
tunnel  affords  a  means  of  quarrying  out  desirable  beds  without  the 
removal  of  heavy  stripping.  However,  there  are  certain  difficulties 
and  dangers  that  must  be  carefuUy  considered.  Among  them  may 
be  mentioned  the  danger  of  roof  falls,  the  expense  of  artificial  light 
and  ventilation,  and  the  necessity  of  additional  handling  of  quarry 
material.  A  necessary  condition  for  successful  tunneling  is  the 
presence  of  a  strong  roof.  In  regions  where  faulting  or  jointing  are 
pronounced  the  danger  from«  roof  falls  may  be  so  great  that  tunnel 
methods  are  impracticable. 

OPENING  TUNNELS  ACROSS   BEDS. 

Procedure  to  be  followed  in  tunneling  a  deposit  in  which  there  are 
no  open  bedding  planes  or  when  the  tunnel  roof  is  to  cross  the  beds 
may  be  illustrated  by  describing  the  method  used  in  a  Vermont 
quarry.  A  preliminary  opening  6  to  7  feet  high  is  made  by  channel- 
ing and  blasting.  As  the  rock  thus  removed  is  waste,  the  opening  is, 
if  possible,  made  in  inferior  material.  Determination  is  made  that 
the  thickness  of  sound  rock  above  the  tunnel  is  such  that  there  is  no 
danger  of  roof  collapse.  After  the  proper  position  for  the  ceiling  has 
been  chosen  a  channeling  machine  is  used  to  cut  a  channel  about  7 
feet  deep,  starting  about  3  feet  from  the  floor  and  slanting  downward 
to  meet  the  floor  line.  A  row  of  horizontal  drill  holes  is  then  made  at 
the  roof  and  another  row  is  made  parallel  with  the  floor  of  this 
preliminary  tunnel.  In  addition  vertical  rows  of  holes  are  driven 
at  intervals  of  about  7  feet.  The  relative  positions  of  channel  cuts 
and  drill  holes  are  shown  in  figure  16.  The  lower  wedge-shaped  mass 
of  rock  X  in  the  figure  is  dislodged  by  blasting  in  the  drill  holes  below 
the  channel  cut.  The  upper  overhanging  ledge  y  is  then  broken 
down  by  discharging  blasts  in  the  holes  above  the  channel  cut.  Black 
blasting  powder  is  used  and  all  charges  are  exploded  by  fuse.  Such 
blasting  is  probably  less  effective  than  a  simultaneous  discharge  of 
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blasts  by  means  of  electric  detonators.  However,  if  the  tunnel  is 
driven  in  tight  beds  or  if  it  crosses  the  beds  the  simultaneous  dischai^e 
of  a  number  of  blasts  would  imdoubtedly  shatter  and  thus  destroy 
marble  adjacent  to  the  tunnel. 

When,  by  repeated  blasting,  the  mass  of  rock  6  or  7  feet  in  depth 
has  been  shattered  across  the  entire  width  of  the  tunnel,  the  next 
step  is  to  remove  the  waste  material.  Large  pans  holding  2  to  6  tons 
each  of  rock  are  used.  Each  pan  is  shaped  like  a  sugar  scoop  and  is 
handled  by  means  of  a  cable  fastened  to  the  back  of  the  pan,  passing 
to  a  second  attachment  at  the  front,  and  then  over  a  sheave  in  the 
tunnel  roof  near  the  edge  of  the  excavation.  Rock  fragments  are  loaded 
in  by  hand  and  the  pan  is  hauled  to  the  edge  of  the  shelf.  The  cable 
is  then  released  from  the  front  of  the  pan,  and  further  hauling  causes 
the  back  of  the  pan  to  be  raised,  allowing  the  contents  to  slide  out. 
If  the  tunnel  floor  slants 
downward  from  front  to 
back,  the  empty  pan  is  re- 
turned on  rollers,  whereas 
if  the  floor  is  level  or  in- 
clined upward  the  pan  is 
hauled  back  by  means  of 
a  cable  attached  to  the 
back  and  passed  around  a 
sheave  at  the  extremity 
of  the  tunnel.  The  rock 
fragments  are  again  loaded 
into  pans  at  the  base  of 
the  shelf,  hauled  by  trol- 
ley or  cable  cars  to  the  main  hoist,  elevated  to  the  surface,  and  loaded 
directly  on  railroad  cars  with  the  derrick. 

The  process  of  channeling,  drilling,  blasting,  and  renjoval  of  frag- 
ments is  repeated  over  and  over  imtil  the  preliminary  tunnel  has  been 
projected  far  enough  to  give  sufficient  floor  space  for  economical 
operations.  Plate  VII,  -4,  shows  the  appearance  of  a  tunnel  in  one 
of  the  Vermont  quarries. 

METHOD  OF  OPENING  TUNNELS  PARALLEL   WTTH   OPEN    BEDS. 

In  an  Alabama  quarry  tunnels  are  driven  parallel  with  the  beds, 
which  dip  about  33°.  The  tunnel  floor  is  made  coincident  with  a 
band  of  soft  mica  schist  which  occupies  a  position  between  two 
marble  beds.  The  soft  band  is  thus  utilized  to  take  the  place  of 
the  channel  cut  as  described  in  the  preceding  method.  One  expen- 
sive operation  is  thus  saved.  Drill  holes  are  projected  in  a  row 
parallel  with   the  roof,  and   vertical  rows  of  holes  pass  from  the 


FiemtB  16.— Method  of  drhrlng  a  tunnel  in  marble. 
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roof  to  the  floor  at  intervals.  Black  blasting  powder  shots  are 
dischai^d  in  simultaneous  groups  by  an  electric  firing  machine. 
The  presence  of  the  band  of  mica  schist  at  the  floor  acts  as  a  cushion 
and  prevents  the  shock  from  shattering  the  good  marble  bdow. 
On  this  account,  the  more  effective  simultaneous  blasting  may  be 
employed. 

In  removing  the  material,  loaded  buckets  holding  4  cubic  yards 
are  hauled  to  the  edge  of  the  excavation  but  are  not  dumped.  By 
means  of  a  derrick  at  the  mouth  of  the  tunnel  they  are  transferred 
to  a  position  from  which  they  may  be  hoisted  with  the  main  derrick 
and  dimiped  into  railroad  cars. 

METHOD  OF   QUARRYING  ON  TUNNEL  FLOOR. 

When  a  preliminary  timnel  of  sufficient  size  has  been  completed, 
channeling  machines  may  be  set  up  on  the  floor  and  operated  as  in 
an  open  quarry.  Electricity  is  the  most  convenient  power  for  use 
in  tunnels.  Air-driven  machines  are  better  than  steam-driven,  as 
the  space  for  operation  is  usually  confined.  The  channelers  may 
work  on  a  level  or  an  inclined  floor.  At  West  Rutland,  Vt.,  the 
upp>er  levels  are  quarried  on  a  horizontal  floor  and  the  lower  ones 
on  an  inclined  floor.  In  an  Alabama  quarry  the  channel  floor  is 
inclined  and  the  channel  cuts  intersect  the  slanting  floor  diagonally. 

ROOF  SUPPORTS. 

In  a  West  Rutland,  Vt.,  quarry  the  timnel  roofs  are  supported  by 
pillars  of  marble  each  20  feet  square  left  at  various  intervals.  The 
spacing  of  the  pillars  is  governed  by  the  evident  security  of  the  roof. 
If  the  beds  are  heavy  and  seams  absent,  the  spacing  may  attain  a 
maximmn  of  100  feet.  In  sections  where  the  beds  are  seemingly 
less  secure  the  pillars  are  spaced  at  intervals  of  60  to  80  feet.  In 
early  days  if  the  roof  slanted  the  pillars  were  inclined  to  form  right 
angles  with  the  roof.  Inclined  pillars,  however,  occupy  more  space, 
and  they  form  more  serious  obstacles  to  the  operation  of  derricks 
than  vertical  pillars.  Of  late  years  all  the  pUlars  are  made  vertical 
though  the  roof  may  be  inclined. 

In  an  Alabama  quarry  a  wall  running  in  the  direction  of  the  dip 
is  left,  rather  than  a  series  of  pillars.  This  plan  was  adopted  after 
due  consideration  of  the  possibility  of  pillars  slipping  on  a  soft, 
inclined,  interbedded  mica  schist. 

Figure  17  illustrates  the  present  and  proposed  future  arrangement 
of  pillars  in  a  Colorado  quarry.  The  tendency  to  stagger  alternate 
rows  is  noteworthy. 


A  VERMONT  MARBLE  QUARRY. 


B.    GANTRV  CRANE  EMPLOYED  AT  QUARRY  AT  ASHLEY  FALLS,  MASS. 
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TRANSPORTATION   OF  MATERIAL   IN   TUNNELS. 

Blocks  of  marble  or  boxes  of  waste  material  may  be  hauled  out  of 
tumiels  by  means  of  cables.  Quarry  cars  operating  on  tracks  are 
more  efficient.  One  company  operates  both  cable  cars  and  an 
electric  troUey.  If  an  efficient  means  of  transportation  is  not  pro- 
vided, great  loss  of  time  will  result. 

LIGHTING   AND   VENTILATION   OF  TUNNELS. 

In  order  to  promote  safety  and  efficiency  in  tunnels,  adequate 
lighting  is  necessary.  Either  arc  or  powerful  incandescent  lights 
are  suitable.    If  blasting  is  employed,  the  harmful  gases  should  be 
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FiorBB  17.— Present  and  proposed  ammgement  of  pillars  in  a  Colorado  quarry. 

removed.  In  the  ventilation  of  a  Vermont  quarry  large  wooden 
conduits  through  which  the  impure  air  is  drawn  by  powerfid  fans 
are  used. 

UNDERCUTTING. 

A  modification  of  the  tunnel  method  consists  in  enlarging  the 
quarry  floor  by  an  outward  inclination  of  the  wall  cuts.  The  pro- 
cess is  simple;  requiring  no  additional  equipment  and  no  expensive 
preliminary  operation.  A  wide  floor  space  is  obtained  with  a  mini- 
mum of  stripping,  and  with  moderate  extension  no  supporting 
pillars  are  present  to  obstruct  quarry  operations.  There  are,  how- 
ever, certain  disadvantages.  In  tunneling,  the  projection  of  a  pre- 
liminary opening  is  costly  and  produces  only  waste  rock,  but  when 
once  completed  the  subsequent  operations  of  channeling  and  drilling 
are  carried  on  with  almost  the  same  facility  as  in  an  open  quarry. 
In  undercutting,  however,  every  wall  cut  is  slanting.  Channeling 
at  an  angle  is  slow  and  relatively  expensive.  Also  the  blocks  of  the 
outer  row  are  angular  in  shape,  resulting  in  waste. 

In  extensive  undercutting,  the  danger  from  overhanging  rock  may 
be  averted  by  leaving  wing  supports  of  marble  at  intervals.     Under- 
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cutting  is  employed  successfully  in  many  of  the  Georgia  marble 
quarries.  It  is  to  be  recommended  if  the  rock  is  sound,  and  if  tunnel 
methods  are  too  expensive  or  for  other  reasons  seem  impracticable. 

In  a  Massachusetts  quarry  the  walls  are  undercut  parallel  with  the 
steeply  inclined  beds  as  illustrated  in  Plate  YI,  B.  By  this  means 
the  desirable  beds  are  followed  and  the  floor  space  gradually  in- 
creased. The  blocks  of  the  first  row  are  removed  as  keys  and  subse- 
quent channels  are  cut  at  right  angles  to  the  strike. 

COMBINED  TtJNNEL  AND  UNDEBCUT. 

If  a  band  of  marble  is  vertical  in  attitude  or  inclined  at  a  steep 
angle  and  not  exceeding  150  or  200  feet  in  thickness,  a  safe  and 
economical  method  of  extraction  is  to  project  a  narrow  tunnel  and 
gradually  widen  it  by  undercutting.  If  through  weathering  the 
marble  has  been  altered  to  a  considerable  depth,  it  may  be  possible 
to  project  the  preliminary  tunnel  in  inferior  rock.  Undercutting 
will  graduaUy  widen  the  floor,  and  the  steep  walls  thus  formed  me 
less  liable  to  scale  than  a  flat  roof.  Undercutting  is  not  to  be 
recommended,  except  when  the  lateral  walls  are  to  be  permanent, 
(pr  as  a  rule,  it  is  not  practicable  to  further  extend  undercut  walls. 
When  the  lateral  limits  of  the  desirable  material  have  been  reached, 
the  angle  of  inclination  of  the  wall  cuts  may  be  modified  to  conform 
with  the  dip  of  the  marble  beds, 

BBAINAOE. 

There  is  great  variation  in  the  quantity  of  water  encountered  in 
quarries.  In  some  quarries  heavy  springs  are  encountered  which 
require  constant  pumping;  in  others  surface  drainage  only  must  be 
removed.  Steam  or  motor  driven  reciprocating  pumps  are  most 
commonly  employed,  though  motor-driven  centrifugal  pumps  have 
been  used  successfully,  and  are  highly  reconmiended  by  a  number  of 
quarry  operators. 

GENERAL  CONSIDERATIONS  IN  QUABRYINO. 

Whenever  possible,  it  is  wise  to  conduct  quarry  operations  on  a 
wide  floor  space.  In  general,  operations  on  a  large  scale  are  more 
economical  than  those  on  a  small  scale.  A  large  floor  space  also 
allows  greater  choice  of  material.  The  encoimtering  of  local  unsound- 
ness may  temporarily  suspend  production  in  a  small  quarry,  whereas 
in  a  larger  one  the  unsound  rock  may  be  avoided  for  the  time  being 
and  removed  during  a  dull  season. 

Greater  efficiency  in  quarry  operations  may  be  attained  by  em- 
ploying night  shifts.  By  this  means  the  output  can  be  almost 
doubled  without  any  increase  in  the  power  plant  or  quarry  equip- 
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ment  over  that  required  for  the  day  shift  only.  The  work  should  be 
so  arranged  that  the  night  shift  is  relieved  of  those  operations  that 
on  account  of  poor  light,  or  for  other  reasons,  are  not  performed  to 
advantage  in  the  night.  Machine  work  is  the  most  satisfactory  of 
aU  operations  for  night  shifts,  and  consequently,  the  day  shift  should 
endeavor  to  leave  the  machines  in  the  best  possible  condition  for 
continuous  operation. 

All  quarries  should  be  provided  with  safe  and  efficient  stairs  or 
ladders.**  Much  time  is  lost  when  men  are  obliged  to  pick  their  way 
over  steep  and  rough  rock  surfaces  or  climb  down  hastily  improvised 
steps  or  ladders.  f 

Removal  of  mud  and  rock  fragments  from  the  quarry  floor  is  an 
operation  that  should  not  be  neglected.  An  accumulation  of  debris 
impedes  quarry  operations.  The  presence  of  a  large  heap  of  rubbish 
in  one  part  of  a  quarry  may  discourage  the  proper  performance  of  a 
task  and  lead  to  the  substitution  of  a  less-efficient  method.  All  rub- 
bish should  be  cleaned  up  systematically  and  frequently,  and  the 
entire  floor  space  kept  in  a  condition  favoring  a  free  and  intelligent 
performance  of  all  subsequent  tasks. 

SAFETY  FIB.8T. 

"Safety  first*'  should  be  the  motto  in  planning  and  erecting  all 
quarry  equipment  and  in  the  conauct  of  all  operations  *  Many 
operators  fail  to  reali^  that  safety  devices  contribute  to  efficiency. 
They  consider  that  much  of  the  money  spent  in  safeguarding  ma- 
chinery and  the  time  employed  in  making  examination  for  possible 
dangers  is  entirely  lost.  The  matter  of  safety  should  be  viewed  in  a 
different  light.  Men  become  greater  producers  if  they  feel  that  all 
reasonable  means  are  employed  to  safeguard  their  lives  and  health. 
Much  time  is  lost  if  men  feel  that  they  must  constantly  be  on  the  look- 
out for  some  overhead  dangers.  Moreover,  accidents  deprive  the 
quarry  of  the  services  of  skilled  men  and  frequently  burden  the  pro- 
prietor with  a  load  of  expense. 

HOISTING  EQUIPMENT. 
TYPES  OF   DERRICKS. 

Various  types  of  derricks  are  employed  in  marble  quarries.  Both 
the  mast  and  the  boom  may  be  of  wood,  the  mast  may  be  of  wood 
and  the  boom  of  steel,  or  both  may  be  of  steel.  Spliced  wooden 
derricks  having  mast  and  boom  each  in  four  pieces  are  used  in  some 
regions.  They  are  strongly  supported  with  iron  bars  and  turnbuck- 
les.    They  are  easy  to  transport  and  set  up.    Those  in  common  use 

a  See  Bowles,  Oliver,  Safety  in  stone  quarrying:  Tech.  Paper  111,  Bureau  of  Mines,  1915,  pp.  1&-18. 
h  See  Bowles,  Oliver,  Op.  cit.,  pp.  12-36. 

16207**— Bull.  106—16 7 
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have  a  lifting  capacity  of  15  to  18  tons.    All  derricks  should  be 
painted  to  protect  them  from  the  weather. 

USE  OF  OANTBT  CRANES. 

A  Massachusetts  marble  company  uses  a  traveling  gantry  crane  in 
place  of  a  derrick,  as  illustrated  in  Plate  YTLj  B.  It  has  an  80-foot 
span  and  a  lifting  capacity  of  25  tons.  The  entire  crane  travels  back 
and  forth  on  tracks  placed  at  each  side  of  the  excavation.  It  is  read- 
ily accessible  to  all  parts  of  the  quarry,  and  blocks  once  lifted  are 
transported  directly  to  the  stock  pile  without  further  handling.  One 
disadvantage  is  that  the  use  of  the  gantry  crane  limits  the  width  of 
the  quarry.  Furthermore,  it  is  not  to  be  recommended  for  quarries 
in  the  development  of  which  considerable  hoisting  will  be  required, 
as  it  necessitates  that  all  lifting  be  done  with  one  hoist.  If  derricks 
are  employed  several  may  be  placed  in  convenient  locations  and  oper- 
ated simultaneously. 

DERRICK  GUYS. 

All  derricks  shoidd  be  strongly  supported.  For  20-ton  derricks 
eight  iron  guys  of  1 J -inch  diameter  are  necessary.  For  derricks  with 
90  to  100  foot  masts  and  with  a  maximum  lifting  capacity  of  35  tons 
the  guys  should  be  IJ-inoh  steel.  For  locking  guys,  Crosby,  Roe- 
bling,  or  Leschen  clips  are  regarded  as  more  reliable  than  splices. 

A  new  arrangement  of  guys  is  now  employed  in  some  quarries  in 
Vermont.  Instead  of  12  guys  being  spaced  regularly,  they  are 
arranged  in  four  sets  of  three  each,  the  groups  radiating  at  suocessive 
angles  of  90^  from  the  mast.  An  advantage  lies  in  the  fact  that  four 
large  secure  concrete  piers  may  be  constructed  at  a  smaller  cost  than 
12  small  and  possibly  imsafe  ones.  Where  several  derricks  are  sit- 
uated close  together,  it  is  often  a  problem  to  properly  place  guys  and 
at  the  same  time  evenly  distribute  the  strain.  The  arrangement 
mentioned  overcomes  this  difficulty  in  a  most  satisfactory  manner. 

Where  several  derricks  are  situated  near  together,  the  top  of  one 
mast  is  occasionally  anchored  to  the  top  of  another.  There  is  con- 
siderable risk  in  this  method,  as  strains  on  different  derricks  may  occur 
in  the  same  direction  simultaneously  and  thus  multiply  the  strain  on 
a  single  guy. 

GUY  ANCHORS. 

Guy  anchors  are  of  various  sorts.  Where  bedrock  outcrops  at  the 
surface  the  safest  method  is  to  drill  holes  in  the  rock,  insert  a  bar  with 
a  ring  in  the  top,  and  fill  up  the  hole  with  melted  sulphur.  Where 
considerable  depth  of  soil  surrounds  the  derrick,  guys  may  be  an- 
chored to  buried  timbers.    The  trunks  of  large  trees,  preferably  grow- 
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ing  trees,  are  sure  supports.  It  is  advisable,  however,  to  place  a  sec- 
ondary anchor  to  support  the  tree. 

A  post  supported  by  a  pile  of  stones,  as  shown  in  Plate  VIII,  A,  is 
used  by  some  Tennessee  quarrymen.  The  post  should  be  nearly  ver- 
tical. It  should  not  be  slanted  backwards,  as  in  that  position  it 
forms  a  lever  tending  to  raise  the  soil  or  rock  in  front  of  it,  and  thus 
is  not  in  the  best  position  to  withstand  strain.  Such  posts  should 
also  be  supplied  with  secondary  anchors. 

A  concrete  pier  in  which  is  embedded  an  angle-steel  bar  is  a  higlily 
efficient  support.  An  eyebolt  may  be  passed  through  the  bar  and 
the  slack  of  the  guy  taken  up  with  a  nut,  as  shown  in  Plate  VIII,  B. 

HOISTS. 

Steam  hoists  arc  the  type  most  commonly  employed  in  marble 
quarries,  although  compressed-air  and  electric  hoists  are  used  in 
several  places.  The  type  of  hoist  to  be  employed  depends  on  the 
nature  of  the  work.  Deep  quarries  demand  a  higher  cable  velocity 
than  shallow  ones.  In  any  case  a  very  slow  motion  is  not  desirable. 
Much  time  is  lost  in  quarries  where  men  must  wait  while  blocks  are 
slowly  raised  to  the  surface,  especially  if  rock  excavation  is  being 
carried  on  near  the  point  of  elevation,  as  safety  demands  that  men 
must  move  from  their  working  places  while  the  block  is  overhead. 
The  power  required  for  hoisting  increases  rapidly  as  the  speed  is 
increased,  and  a  proper  balance  must  therefore  be  maintained 
between  the  speed  of  hoisting  and  the  power  consumed  for  the 
operation. 

Li  many  quarries  crude  methods  of  sluing  are  still  employed. 
Sluing  is  sometimes  done  by  means  of  a  rope  attached  to  the  block 
or  by  a  mechanical  sluing  device  operated  by  a  handwheel.  The 
sluing  device  that  forms  a  part  of  all  modem  hoists  is  much  more 
efficient,  as  it  gives  a  more  rapid  motion  than  hand-operated  devices 
and  is  controlled  by  the  hoist  engineer. 

The  spinning  of  blocks  while  suspended  endangers  the  lives  of  em- 
ployees and  makes  difficult  the  guidance  of  their  course  during  ascent. 
Spinning  may  be  avoided  by  using  a  nonspinning  hoisting  cable. 
The  central  strands  of  such  a  cable  are  twisted  to  the  left  and  the 
outer  strands  are  twisted  to  the  right, 

LOCATION  AND   SIZE   OF  DERRICKS. 

The  quarryman  should  have  a  clear  and  definite  plan  of  quarry 
development  before  placing  his  derrick.  The  extension  of  a  quarry 
excavation  in  a  direction  away  from  the  derrick  may  soon  bring  it 
beyond  the  range  of  the  boom.    Thus  the  erection  of  a  new  derrick, 
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and  possibly  a  second  handling  of  material,  may  be  necessary.  In 
several  quarries  blocks  are  hauled  long  distances  by  cables  before 
they  reach  a  position  from  which  they  may  be  hoisted  to  the  surface. 
Such  preliminary  haulage  is  injurious  to  cables,  involves  great  loss 
of  time,  seriously  interferes  with  other  quarry  operations,  and  is 
surrounded  by  many  dangers.  It  may  be  advisable  to  install  a  car- 
haulage  system  or  to  replace  or  supplement  a  derrick  by  a  new  and 
larger  one.  The  size  of  the  derrick  must  also  be  governed  by  the 
extent  and  direction  of  quarry  operations.  A  small  derrick  may 
give  satisfactory  service  for  a  few  months,  after  which  it  may  have 
to  be  replaced  by  a  larger  one.  It  is  usually  more  economical  to 
erect  a  largo  and  permanent  derrick  at  first,  provided  the  operator  is 
reasonably  certain  that  quarrying  within  its  range  is  to  be  extensive. 

HOIST   SIGNALING. 

In  shallow  quarries  or  in  yard  operations  signaling  by  hand  motion 
is  almost  universal.  If  the  hoist  engineer  can  not  see  the  bottom  of 
the  quarry,  hand-motion  signals  are  sometimes  relayed  to  a  man  in. 
an  intermediate  position.  Such  a  method  is  not  to  be  recommended, 
as  tho  repetition  of  signals  involves  increased  danger  of  misxmder- 
standing  and  also  requires  an  additional  man. 

Types  of  mechanical  signal  apparatus  in  common  use  are  electric 
bells,  telephones,  and  boll  pulls.  Dry-cell  electric  bells  are  not 
considered  reUablo;  they  may  fail  to  act  at  critical  times.  Electric 
bells  operated  by  wet-cell  batteries  are  more  reUable  if  inspected 
at  regular  intervals.  Telephone  connections  require  inconvenient 
ear  attachments.  If  noisy  operations  are  conducted,  words  given 
by  telephone  may  be  easily  misimderstood.  The  bell  pull  is  con- 
sidered to  be  the  most  convenient  and  reliable  method.  Both  the 
apparatus  and  its  operation  are  simple  and  there  is  little  danger 
of  misimderstanding  signals. 

SGABBLING. 

Wliere  the  mill  is  situated  close  to  the  quarry,  the  process  of 
scabblmg  may  bo  omitted.  If  situated  at  a  distance,  or  if  the  marble 
is  to  be  sold  in  block  form,  tho  blocks  should  be  scabbled  to  avoid 
transportation  of  waste  material.  The  most  common  method  of 
scabbling  marble  blocks  is  by  manual  labor  with  the  scabbling  pick. 
The  wire  saw  is  used  successfully  in  some  places.  Hammer  drills 
and  wedges  are  used  occasionally  for  the  removal  of  the  more  promi- 
nent surface  irregularities. 
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TBANSPOBTATION  OF  QTTABBIED  BOCK  TO  THB  lOLL. 
VARIOUS  METHODS  OF  HAULAGE   EMPLOYED. 

In  some  quarry  regions  mills  are  so  favorably  situated  that  short 
haulage  only  is  required.  In  several  eastern  localities  blocks  are 
loaded  directly  upon  the  transfet  cars  by  means  of  the  quarry  der- 
rick. A  number  of  companies  use  railroad  cars  and  locomotives. 
Electric  trolley  lines  are  used  successfully  even  on  heavy  grades. 
On  such  grades  efficient  and  dependable  brakes  must  be  used. 
Steam  tractors  may  be  employed  if  roads  are  graded  and  firm. 
It  is  a  matter  of  considerable  expense  to  grade  and  keep  in  proper 
repair  roads  suitable  for  the  heavy  traffic  incident  to  the  use  of 
tractors. 

TEAMS  AND  WAGONS. 

Teams  and  wagons  are  used  in  many  places.  Where  quarries  are 
situated  on  mountain  sides  and  rock  must  be  hauled  down  steep 
roads,  the  chain  or  shoe  attached  to  the  wheel  to  prevent  too  rapid 
descent  is  destructive  to  roads.  Haulage  by  horse-drawn  vehicles 
entails  a  slow  rate  of  haulage^  small  loads,  much  repairing  of  roads, 
and  heavy  cost  for  maintaining  horses.  Hence,  in  many  places, 
some  form  of  cable-car  transportation  would  seem  to  be  more  suit- 
able than  by  teams  and  wagons.  Where  hght  grades  are  encoun- 
tered, mules  or  horses  may  be  employed  to  haul  cars. 

CONNECTING  QUARRIES  WITH  RAILROAD  TRACKB. 

Many  marble  quarries  are  situated  at  short  distances  from  rail- 
roads, and  some  form  of  conveyance  is  necessary  to  connect  the 
quarry  with  the  railroad  track.  Where  the  grade  is  light,  a  railroad 
siding  IB  to  be  preferred.  Where  small  quarry  cable  cars  are  used, 
it  becomes  necessary  to  erect  a  derrick  at  the  junction  point  and  re- 
handle  all  marble  going  out  and  aU  coal  coming  in.  Where  a  siding 
is  built,  transportation  may  be  conducted  by  means  of  standard 
railroad'  cars  with  no  transshipping.  Where  a  heavy  grade  is 
encountered,  cable  cars  are  necessary  and  transshipping  may  be 
unavoidable. 

CABLE   CARS. 

Cable  cars  are  used  successfully  in  a  number  of  regions.  The 
conditions  vary  so  greatly  that  no  one  particular  form  can  be  recom- 
mended.   The  aystem  must  be  modified  to  suit  the  conditions. 

One  of  the  most  complete  cable-car  systems  in  use  in  any  Amer- 
ican marble  quarry  is  that  in  a  Vermont  quarry.  Two  cars  are 
use<l,  the  empty  car  ascending  while  the  loaded  car  descends.  The 
hoist  is  operated  by  a  75-horsepower  electric  motor.    A  IJ-inch 
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steel  cable  passes  from  one  car  to  the  hoist  where  it  makes  six  tunis 
on  a  12-foot  drum,  then  passes  out  and  is  attached  to  the  second  ear. 
The  cable  is  guided  by  rollers.  The  track  is  three-fourths  of  a  mile 
long.  Over  part  of  its  course  the  grade  is  light,  but  at  two  points 
it  is  very  steep.  The  cars  pass  at  the  center.  Above  this  point 
a  three-rail  track  is  provided  to  prevent  interference  of  the  ascending 
and  descending  parts  of  the  cable.  Below  the  center  the  cable  is 
always  single,  and  in  consequence  a  single  track  only  is  necessary. 
The  maximum  load  is  40  tons,  and  20  minutes  is  required  for  each 
trip.  By  means  of  an  automatic  needle  indicator,  which  tiravels 
back  and  forth  on  a  board,  the  hoist  engineer  can  accurately  follow 
the  course  of  the  loaded  car.  The  rock  is  transferred  from  the  edible 
cars  to  standard  railroad  cars  for  transportation  to  the  various  mills. 

FACTORS   CONTROLLING  THE  METHOD   OP  TRANSPORTATION. 

Before  a  system  of  transportation  for  any  particular  quany  is 
adopted  the  conditions  must  be  studied  carefully.  The  most  impor- 
tant considerations  are  probable  output,  size  of  material,  number  of 
times  it  must  be  handled,  rate  of  haulage,  distance,  surface  conformity 
of  the  coimtry  to  be  traversed,  first  cost  of  the  system,  cost  of  main- 
tenance of  eqiupment  and  roadway,  and  capital  available  for  trans- 
portation purposes. 

EQUIPMENT  AND  OPERATIONS  IN  MILLS  AND  SHOPS. 

At  least  one-half  the  marble  quarries  of  the  United  States  have 
more  or  less  completely  equipped  plants  for  sawing,  polishing,  carv- 
ing, or  otherwise  preparing  marble  for  structiwal  uses.  The  opera- 
tion and  equipment  in  many  such  mills  and  shops  were  not«d  in 
connection  with  quarry  observations.  Marble  mills  and  finishing 
plants  belong  to  the  manufacturing  rather  than  to  the  producing  phase 
of  the  marble  industry,  and  consequently  may  not  strictly  be  included 
in  a  discussion  of  the  technology  of  marble  quarrying.  The  brief 
discussion  of  marble-manufacturing  plants  presented  in  this  section 
is  justifi^ed  by  the  direct  interest  that  many  quarrymen  have  in  the 
manufacturing  phase  of  the  industry.  Although  certain  facts  relat- 
ing to  method  and  equipment  are  presented,  for  whatever  immediate 
benefits  they  may  suggest,  no  att<5mpt  is  made  to  deal  with  the  subject 
exhaustively  at  this  time. 

LOCATION  OP  PLANT. 

The  location  of  marble  works  is  influenced  greatly  by  water  supply 
and  availability  of  power.  Aside  from  these  considerations,  although 
in  many  respects  it  is  more  convenient  to  erect  the  plant  near  the 
quarry,  conditions  may  be  such  that  this  plan  is  unwise.     If  tie 
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quarry  is  situated  several  miles  from  towns,  in  a  region  where  roads 
are  poor,  it  may  be  wiser  to  build  the  plant  at  some  town,  especially 
if  other  marble  plants  are  centered  there. 

There  are  several  arguments  in  favor  of  placing  stone  manufactur- 
ing plants  at  a  common  center  rather  than  at  the  quarries.  Although 
such  an  arrangement  requires  transportation  of  rock  that  is  later 
wasted  in  saw  cuts  and  coping,  buyers  can  the  more  readily  conduct 
their  business  if  shops  are  centralized.  Furthermore,  it  is  easier  to 
keep  men  near  towns  where  schools  and  other  pubhc  institutions  are 
miore  convenient  and  more  efficient  than  in  comparatively  imsettled 
regions.  If  shops  are  situated  at  a  considerable  distance  from  rail- 
way lines,  sidings  are  often  imeven  and  transportation  over  them  is 
more  destructive  to  thin-finished  material  than  to  imcut  blocks. 

BUILDINOS. 

Fireproof  mills  and  shops  are  to  be  preferred.  TVhen  a  fire  occurs 
the  loss  is  great,  because  the  heat  is  hable  to  destroy  all  the  ma- 
chinery. If  buildings  are  not  already  of  fireproof  construction,  a 
sprinkler  system  is  to  be  recommended.  One  advantage  of  such  a 
system  is  that  water  can  do  Uttle  damage.  It  may  possibly  cause 
swelling  of  the  timbers,  thus  throwing  the  machinery  out  of  alignment, 
but  otherwise  most  of  the  equipment  is  of  such  a  nature  that  water 
will  not  aflFect  it. 

The  plan  of  shop  and  miU  construction  carried  out  by  a  Georgia 
marble  company  is  worthy  of  remark.  The  company  constructed 
with  brick  and  concrete  an  absolutely  fireproof  section  separating  two 
units  that  were  not  fireproof.  With  such  an  arrangement  fire  can  not 
paralyze  production,  because  if  one  unit  is  destroyed  the  fireproof 
section  prevents  spreading  of  the  fire,  and  operations  may  be  continued 
in  the  remaining  unit. 

HEATING  AND  VENTILATION. 

In  cold  climates  the  necessity  of  preventing  the  freezing  of  water 
employed  in  the  various  processes,  and  also  the  need  of  keeping  men 
comfortable  while  at  work,  demands  that  shops  be  closed  structures, 
A  system  of  heating  and  ventilation  also  becomes  necessary.  Coal 
stoves  are  employed  in  many  mills  and  shops,  but  are  not  satisfactory, 
especially  in  large  buildings.  They  require  too  much  attention, 
increase  the  fire  risk,  and  provide  an  imequal  distribution  of  heat. 
In  a  Vermont  miU  the  air,  impelled  by  powerful  fans,  is  passed  through 
coils  over  a  furnace,  and  conducted  through  overhead  pipes,  from 
which  it  is  expelled  downward  at  various  points.  With  adequate 
renewal  of  circidating  air  from  outside  sources,  heating  and  ventila- 
tion may  be  combined  into  one  system.  A  Pennsylvania  company 
uses  the  exhaust  steam  from  its  power  plant  to  heat  the  mill  and  shop. 
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POWER. 

Direct  water  power  is  highly  satisfactory.  The  cost  of  operation 
and  maintenance  of  turbines  is  relatively  low.  An  adequate  water 
supply  at  all  seasons  of  the  year  is  desirable  in  order  that  continuous 
operation  may  not  be  interrupted  through  lack  of  power.  At  one 
Vermont  mill  two  turbines  on  vortical  shafts  supply  power  to  an 
overhead  countershaft  by  means  of  bevel  gears.  The  turbines  are 
so  arranged  that  one  can  be  disconnected  at  night  or  at  such  other 
times  as  only  partial  power  is  required. 

Steam  is  a  common  source  of  power  for  mills  and  shops.  Where 
fuel  is  cheap  steam  is  satisfactory. 

Electricity,  which  may  be  developed  by  the  company  or  purchased 
from  power  lines,  is  used  in  many  places.  Where  an  abundant  sup- 
ply and  a  good  head  of  water  may  be  obtained  with  a  small  outlay  of 
capital,  hydroelectric  power  may  be  cheaper  than  steam  even  though 
the  cost  of  coal  is  low.  The  convenience  in  transmission  of  electricity 
has  induced  some  companies  to  develop  it  by  steam  in  places  where 
there  is  not  a  sufficient  water  supply. 

Where  electricity  is  used,  one  motor  may  provide  power  for  the 
entire  miU.  In  other  places  the  mill  is  divided  into  separate  units 
driven  by  independent  motors.  One  Tennessee  company  has  one 
motor  for  each  set  of  three  saw  gangs.  One  advantage  of  such  an 
arrangement  is  that  one  part  of  the  mill  may  be  shut  down  for  repairs 
to  the  motor  while  the  remainder  is  in  operation.  Some  mill  men 
object  to  the  use  of  electricity  if  the  power  is  conveyed  over  trans- 
mission lines.  To  guard  against  burning  out  motors  by  overcharge 
due  to  lightning,  a  circuit  breaker  is  necessary,  and  during  a  thim- 
derstorm  the  circuit  may  be  broken  and  all  the  machinery  stopped. 
When  saw  gangs  stop  suddenly,  sand  packs  in  around  the  blades, 
and  may  make  starting  difficult  or  impossible. 

METHOD  OF  POWEB  TRANSMISSION. 

For  transmission  from  fly  wheel  to  countershaft  pulley  two  types 
of  belts  are  employed — a  broad  belt  of  leather  or  fabric  and  a  rope 
belt.  The  latter  has  the  advantage  of  low  first  cost  and  is  easily 
tightened,  the  tightening  pulley  being  apphed  to  a  single  turn  only 
of  the  rope. 

Direct  water  power  is  commonly  transmitted  by  gears.  Wooden 
cogs  in  one  of  the  intermeshing  wheels  and  iron  cogs  in  the  other  have 
been  found  a  very  satisfactory  combination.  A  skillful  carpenter 
can  easily  replace  defective  wooden  cogs,  and  such  cogs,  if  properly 
made,  are  durable. 
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PLAN  OF  MILL,  SHOP,  AND  YABB. 

Stone  is  heavy  and  excessive  handling  adds  greatly  to  the  cost  of 
the  finished  product.  Consequently,  marble  producers  should  aim 
to  arrange  mill,  shops,  and  yard  in  a  manner  that  permits  minimum 
handling.  Where  sawing  and  finishing  are  both  done,  it  is  a  common 
practice  to  place  mill  and  shop  parallel,  30  to  60  feet  apart,  and  to 
have  an  overhead  traveling  crane  between  them.     Where  sawing  and 
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FiauBK  18.~Track  arrangement  at  a  Vermont  marble  mill. 

fijiishing  are  conducted  on  a  large  scale,  the  plan  of  a  Vermont  mill 
is  efficient.  The  essentials  of  the  plan  are  shown  in  figure  18.  One 
traveling  crane  is  employed  to  unload  blocks  from  cars  on  their 
arrival  at  the  mill  and  to  pile  them  with  the  stock  or  to  load  them  on 
to  the  transfer  cars.  A  small  locomotive  crane  is  employed  to  haul 
the  transfer  cars  through  the  mill,  where  a  track  passes  down  the 
center  with  gangs  on  either  side.     Beyond  the  mill  is  the  finishing 
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plant  and  at  the  end  of  it  another  amoller  traveling  crane  for  loading 
the  finished  stock  on  railroad  cars. 

A  convenient  plan  for  a  small  plant  having  a  mill  but  no  Bbop  is 
that  of  a  Maryland  plant,  as  shown  in  figure  19.  Gang  cars  are  used 
but  no  transfer  cars.  Cars  are  loaded  by  either  of  two  derricks  situ- 
ated at  opposite  sides  of  the  mill.  Railway  tracks  pass  at  both  sides 
of  the  mill  for  bringing  marble  blocks,  sand,  or  fuel,  and  for  taking 
away  finished  stock.  Both  rough 
4  and  finished  stock  are  piled  widiin 
reach  of  one  or  other  of  the  der- 
ricks. 
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Saw  gangs  constructed  a  num- 
ber of  years  ago  have  wooden 
frames.  Such  frames  are  not  to 
be  recommended,  as  frequent 
wetting  and  drying  cause  them 
to  decay  rapidly.  Modem  gangs 
have  steel  frames  which  are  more 
rigid  and  durable.  An  efficient 
frame  devised  by  a  Georgia  com- 
pany consists  of  iron  tubes  8 
or  10  inches  in  diameter,  which 
Were  set  up  and  filled  with  con- 
crete. Such  frames  are  con- 
structed cheaply. 

All  hanger  bearings  for  the 
gangs  should  be  so  capped  that 
&  Huyiuid  they  are  perfectly  sand  proof. 


ABRASIVES  Uai!I>  IN  SAWINO. 

The  most  oommon  abrasive  used  in  sawing  is  clean  sharp  sand. 
Many  millmcn  use  crushed  stocl  or  fine  steel  shot,  either  with  water 
alone  or  with  sand  and  water.  The  resulting  increase  in  the  rate  of 
sawing  is  variously  estimated  by  different  operators  at  20  to  50  per 
cent.  As  all  millmen  Imow,  if  the  saws  are  fed  too  fast  the  blades 
bend  and  cut  uneven  surfaces,  which  must  later  be  rubbed  for  a  long 
time  to  be  made  miiform.  Although  it  is  possible  to  crowd  saw^  to 
excess  when  crushed  steel  is  used  as  an  abrasive,  the  liability  to 
crowding  is  less  than  when  sand  is  used  alone. 

Certain  rules  must  be  followed  in  the  use  of  crushed  steel  as  an 
abrasive.    It  should  never  be  used  with  rock  that  contains  pores  large 
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enough  to  allow  grains  of  steel  to  become  lodged  therein.  The  same 
is  true  of  marbles  containing  soft  minerals^  as  mica.  If  the  grains  of 
steel  become  lodged  in  the  pores  or  in  the  soft  minerals,  they  may 
later  cause  scratches  when  the  rock  is  under  the  buffer.  Also  porous 
marbles,  especially  those  that  exhibit  a  marked  permeability,  are 
apt  to  stain  with  the  iron  rust  formed  from  the  steel  abrasive.  A 
steel  abrasive  may  be  used  successfully  with  marbles  having  small 
pores  and  no  streaks  or  bands  of  relatively  soft  minerals. 

It  is  well  known  that  the  presence  of  carbon  dioxide  greatly  in- 
creases the  tendency  of  iron  to  rust,  and  its  complete  absence  renders 
the  process  of  oxidation  (rusting)  extremely  slow.  On  this  account 
many  millmen  mix  lime  with  the  steel  abrasive,  because  lime  absorbs 
carbon  dioxide  to  form  lime  carbonate  according  to  the  chemical  reac- 
tion CaO+(X),  =  CaC03.  When  the  carbon  dioxide  has  been  thus 
removed,  the  tendency  for  stains  to  occur  in  the  marble  is  greatly 
diminished. 

BAND  PUICPS. 

One  good  sand  pmnp  will  supply  five  gangs.  In  some  of  the  more 
improved  types  of  sand  pumps  a  great  saving  of  power  is  effected 
by  the  use  of  ball  bearings. 

SAWING  WTTH  UNSOUNDNSSS. 

If  the  grain  of  the  marble  permits,  a  great  saving  of  material  may 
be  effected  by  sawing  parallel  with  any  joints  present  in  the  blocks. 
This  can  not  be  done  if  joints  pass  diagonally  through  blocks,  and 
great  waste  results.  Usually  joints  strike  across  the  grain,  and  slabs 
must  be  sawed  parallel  with  the  grain.  Thus  joints  may  intersect  a 
majority  of  the  slabs,  and  sawing  with  unsoundness  may  not  be  per- 
missible. As  a  rule  imsoimd  blocks  can  be  sawed  to  better  advan- 
tage into  cubic  stock  than  into  thin  slabs. 

SAWING  CORNER  BLOCKS. 

The  ordinary  method  of  sawing  a  comer  block  is  to  saw  diagonally, 
forming  triangular  blocks.  This  method  wastes  material  and  neces- 
sitates a  fourth  cut.  An  improved  method  is  illustrated  in  figure  20. 
Saw  1  is  disconnected  when  it  reaches  x  and  saw  Z  is  disconnected 
at  y.  When  cuts  are  made  in  a  direction  at  right  angles,  L-shaped 
blocks  are  formed  as  shown. 

LOADING   SAW  BEDS. 

In  early  days  the  saw  beds  consisted  of  transverse  stationary 
timbers.  Roadways  passed  between  the  gangs  over  which  marble 
blocks  were  hauled  by  teams  or  cables  to  points  near  the  beds. 
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The  blocks  were  placed  in  proper  position  by  means  of  crowbars. 
Although  greatly  improved  methods  are  now  used,  many  of  tlie 
old-fashioned  mills  are  still  in  active  operation,  chiefly  because  the 
cost  of  remodeling  is  deemed  to  be  too  great.  With  the  present 
high  cost  of  labor,  and  of  maintaining  horses,  the  economy  of  adher- 
ing to  the  old  methods  is  doubtful.  Although  the  first  cost  of  refit- 
ting would  undoubtedly  be  high,  there  would  be  a  subsequent  saving 
of  much  time  and  labor.  So  many  modem  mills  are  now  in  opera- 
tion that  it  would  be  a  simple  matter  for  any  mill  owner  to  estimate 
the  loss  or  gain  attendant  on  remodeling  his  plant. 


THE  OANO  CAR. 


The  gang  car  has  of  late  years  replaced  the  stationary  bed.  The 
floor  of  the  car  constitutes  the  bed.  Blocks  may  be  loaded  on  the 
car  and  the  loaded  car  placed  beneath  the  blades  and  securely  braced. 

The  loading  may  be  done  by 
means  of  a  derrick,  a  locomotive 
crane,  or  an  overhead  traveling 
crane.  This  method  permits  the 
loading  of  blocks  and  the  removal 
of  sawn  material  with  great 
facility. 


THE  TRANSFER  CAR. 


FiouBx  20l— Improved  method  employed  by  one 
marble  company  for  cutting  corner  blocks. 


The  use  of  a  ''transfer  car"  in- 
creases the  facility  of  movement, 
and  is  a  great  timesaver  especially 
where  a  traveling  crane  is  not 
used.  For  small  mills  a  convenient 
arrangement  is  to  place  a  row 
of  gangs  on  one  side  of  the  transfer-car  tracks  and  a  platform  on  the 
other.  On  the  transfer  car  are  cross  tracks  for  the  gang  car.  These 
tracks  are  level  with  the  gang-car  tracks  which  run  beneath  the 
saws  on  the  one  side  and  also  level  with  several  similar  tracks  on  the 
platform  at  the  other  side.  When  a  block  is  sawed,  the  gang  car  is 
hauled  out  by  means  of  a  cable  and  placed  on  the  transfer  car,  from 
which  it  may  be  transferred  to  a  position  on  the  platform  or  taken 
to  the  shop.  Another  gang  car  with  a  fresh  block  may  then  be 
placed  beneath  the  saws. 

The  platform  is  a  great  convenience  when  night  shifts  are  employed. 
Gang  cars  loaded  and  ready  are  placed  on  the  platform.  When  the 
cutting  of  a  block  is  finished  during  the  night  it  is  removed  and  a 
new  one  placed  beneath  the  saws  in  a  short  time.  If  no  such  con- 
veniences are  provided  a  gang  that  reaches  the  bottom  of  a  block 
during  the  night  must  remain  idle  until  morning. 
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The  transfer  car  is  not  used  at  some  plants,  especially  around  mills 
where  an  overhead  crane  is  employed.  The  gang  must  then  remain 
idle  during  the  time  the  gang  car  is  being  unloaded  of  slabs  and 
reloaded  with  a  new  block.  Where  a  transfer-car  system  is  em- 
ployed; the  car  loaded  with  slabs  may  be  shifted  to  one  side  and 
replaced  by  another  car  already  loaded  and  waiting. 

The  wisdom  of  using  both  transfer  cars  and  a  crane  depends  on 
circumstances.  With  extremely  hard  marbles,  in  which  the  saws 
sink  only  3  or  4  inches  during  a  shift,  the  time  of  loading  and  unload- 
ing is  proportionally  such  a  small  part  of  the  whole  time  devoted  to 
the  sawing  operation  that  any  equipment  designed  to  shorten  this 
time  may  not  be  justified.  On  the  other  hand,  with  soft  marbles  in 
which  the  saws  advance  1  to  2  inches  an  hour  a  slow  method  of 
removing  sawed  material  and  replacuig  it  with  rough  blocks  may 
resxdt  in  a  considerable  proportion  of  the  saws  being  idle  all  the  time. 
MiUs  have  been  observed  where  one-fourth  to  one-third  of  the  gangs 
were  kept  permanently  in  idleness  on  account  of  the  time  required 
for  unloading  and  reloadiag.  In  another  mill  equipped  with  both 
traveling  crane  and  transfer  cars,  of  the  20  gangs,  19  were  in  active 
operation  at  the  time  the  mill  was  visited.  The  transfer  car  is 
undoubtedly  a  timesaver,  and  is  not  expensive  in  first  cost,  opera- 
tion, or  maintenance. 

Some  mills  are  so  conveniently  situated  that  the  gang  cars  are 
loaded  directly  by  the  quarry  derrick. 

AN  BXAMFLB  OF  A  WELL-EQUIPPED  PLANT. 

The  mill  shown  in  figure  18  is  an  example  of  a  mill  suitably  arranged 
and  equipped  for  rapid  handling  of  material.  This  mill  has  43  gangs, 
and  hence  it  is  imperative  to  have  ready  facility  in  exchanging  gang 
cars.  The  depressed  transfer-car  track  passes  down  the  center  of 
the  mill  between  two  rows  of  saw  gangs.  When  a  block  has  been 
sawed,  a  small  locomotive  crane  enters  the  mill  from  the  yard.  It 
pushes  ahead  of  it  an  empty  transfer  car  and  hauls  behind  it  another 
transfer  car  supporting  a  gang  car  loaded  with  a  new  block.  When 
the  empty  transfer  car  reaches  the  proper  position,  the  car  with 
sawed  material  is  hauled  from  beneath  the  saws  by  means  of  a  cable 
from  the  crane  and  placed  on  the  waiting  transfer  car.  The  locomo- 
tive crane  then  moves  along  until  the  gang  car  loaded  with  a  fresh 
block  is  in  proper  position,  when  it  in  turn  is  hauled  beneath  the  saws. 
The  crane  then  passes  on  through  the  mill  into  the  shop,  where  the 
sawed  material  is  disposed  of. 

UNLOADINQ  SAW  BEDS. 

Cubic  stock  may  be  removed  by  derrick  or  crane  by  using  grab 
hooks  or  smooth-faced  iron  clamps  which  automatically  close  upon 
the  block  when  imder  tension.    Thin  stock  may  be  removed  in  the 
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same  way  or  by  cable  slings.  The  removal  of  thin  slabs  singly, 
especiaUy  if  no  transfer-car  system  is  employed,  results  in  great  loas 
of  time  and  keeps  saw  gangs  idle  for  too  great  a  part  of  the  time. 
If  a  pair  of  steel  cable  slings  is  used  the  whole  load  of  slabs  may  be 
removed  at  a  single  operation.  Some  companies  use  the  slings  also 
for  cubic  stock. 

A  CONVENIENT  DEVICE   ON  GABLE   BUNGS. 

The  kinking  and  twisting  of  steel-cable  slings  causes  annoyance, 
loss  of  time,  and,  occasionally,  injury  to  the  operator.  A  simple 
device  used  by  one  company  overcomes  this  difficulty-  A  round 
iron  ball  weight  is  attached  to  the  bottom  of  the  shng.  This  holds 
the  shng  under  sufficient  tension  to  prevent  twisting  or  kinking. 
The  ball  also  affords  a  convenient  means  of  handling  the  cable. 
It  is  less  destructive  to  gloves  and  less  Uable  to  cause  injury  to  hands 
than  the  cable  itself. 

THE  WIRE  SAW. 

A  usefid  adjunct  to  the  mill  is  a  yard  equipment  for  cutting  with 
a  wire  saw.  Four  to  12  blocks  may  be  placed  in  line  and  sawed 
simultaneously,  sand  or  crushed  steel  being  employed  as  abrasives. 
The  operation  requires  Uttle  power  or  attention  and  gives  satisfactory 
results  in  uniform  material  if  slight  variation  in  the  thickness  of  the 
slabs  may  bo  allowed.  The  wire  saw  will  not  give  as  satisfactory 
service  with  marble  that  contains  ffint  balls  or  otherwise  lacks  uni- 
form hardness  as  with  pure  and  uniform  material. 

SHOP  OR  FINISHING  PLANT. 
LOCATION   OP  SHOP. 

A  company  which  operates  both  a  mill  and  a  shop  should  logically 
have  the  latter  so  situated  that  sawed  material  may  be  brought  to  it 
with  the  greatest  facihty.  The  mill  shown  in  figure  18  illustrates  a 
convenient  arrangement,  the  shop  being  a  continuation  of  the  mill 
building.  A  parallel  arrangement  of  mill  and  shop  with  a  travehog 
crane  between  them  is  convenient,  and  many  companies  have  their 
mills  and  finishing  plants  arranged  in  this  manner. 

COPING. 

Although  most  coping  is  done  by  hand,  a  coping  machine  is  employed 
in  a  few  places.  It  consists  of  a  small  carborundum  or  carborundum- 
faced  cutting  wheel  and  a  smoothly  traveling  bed  on  which  the  slabs 
are  placed.  It  cuts  rapidly  and  leaves  a  smooth  surface.  It  may  be 
used  for  cutting  baseboards  and  tile.  It  gives  good  satisfaction 
if  sound  stock  is  employed.  One  advantage  is  that  no  edge  rob- 
bing is  necessary  after  cutting  with  the  machine. 
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RUBBING. 


The  two  important  requisites  for  a  rubbing  bed  are  hardness  and 
uniformity.  A  good  quality  of  iron  has  been  found  most  satisfactory. 
The  attempt  to  make  carborundimi  beds  of  large  size  has  not  as 
yet  been  successful,  owing  to  the  limited  size  of  carborundum  fur- 
naces. Composite  carborundum  beds  could  be  constructed  by  joining 
together  a  number  of  segments.  However,  there  would  be  difficulty 
in  obtaining  exactly  the  same  degree  of  resistance  to  abrasion  in  each 
section.  Small  carborundimi  beds  are  used  to  some  extent  for  rub- 
bing small  pieces. 

The  common  abrasive  on  rubbing  beds  is  sand.  Unless  the  sand 
is  nearly  pure  and  uniform  the  use  of  a  simple  rotary  screen  to  take 
out  the  pebbles  is  advisable. 

The  bed  surface  is  kept  true  by  grinding  down  the  high  parts  with 
an  iron  weight.  A  cubical  block  of  iron  resting  on  the  surface  of  the 
revolving  bed  serves  this  purpose.  An  improved  form  of  truer  con- 
sists of  cylindrical  rotating  disks  which  are  adjustable  on  the  frame. 

Most  rubbing  beds  are  driven  from  a  coimtershaf  t  and  gears  above 
the  bed.  When  driven  in  this  manner  the  shaft  support  both  above 
and  below  the  bed  keeps  the  latter  in  a  true  horizontal  plane.  Occa- 
sionally, however,  beds  are  geared  underneath.  It  is  more  difficult 
to  keep  the  bed  running  true  when  driven  in  this  manner,  as  there  is 
no  support  above  the  bed.  However,  the  absence  of  a  shaft  above 
the  bed  allows  great  freedom  in  using  a  jib  crane  in  handUng  blocks 
of  marble. 

Various  methods  of  rubbing  tile  are  employed  to  make  them  true 
to  size  and  exactly  square.  Machines  for  holding  them  and  auto- 
matically grinding  them  true  are  known  to  most  millmen,  and 
descriptions  may  be  obtained  from  the  various  manufacturing  com- 
panies. One  method  is  to  attach  8  to  12  tile  together  with  plaster 
of  Paris  and  then  to  rub  to  size  in  the  same  manner  that  a  cubical 
block  is  treated. 

In  order  to  rub  the  surfaces  of  blocks  too  lai^e  to  be  placed  on  the 
rubbing  bed,  carborundum  rubbing  heads  may  be  operated  in  the 
same  way  as  buffer  heads.  The  carborundum  plates  may  be  attached 
to  the  head  with  sheUac,  melted  sulphur,  or  set  screws.  A  star-shaped 
head  with  the  water  supply  entering  at  the  center  is  a  new  form  that 
gives  good  satisfaction. 

For  curved  and  irregular  surfaces  hand  rubbing  is  necessary.  A 
piece  of  marble  with  sand  and  water  or  a  carborundiun  brick  is 
usually  employed. 

ORTTnNO  AND  BUFFING. 

When  a  polished  surface  is  desired,  the  marble  is  placed  beneath  a 
buffer  to  which  is  attached  a  head  of  felt  or  other  soft  texture. 
Emery  powder  is  used  for  gritting,  and  the  so-called  "putty  powder" 
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for  polishing.  The  polishing  powder  is  composed  of  chromiiun  oxide, 
which  makes  a  green  powder,  or  of  tin  oxide,  forming  a  white  powder, 
together  with  oxalic  acid.    Occasionally  these  powders  are  mixed. 

Different  marbles  act  differently  xmder  the  buffer.  It  is  only  by 
experience  that  one  can  learn  the  best  method  of  polishing,  and  the 
pecidiarity  of  the  marble  may  demand  a  modification  of  the  polishing 
machinery.  As  an  illustration,  a  certain  Vermont  marble  polishes 
best  when  nearly  dry.  The  ordinary  buffer  when  nearly  dry  has  a 
tendency  to  jump  and  break  thin  stock.  To  overcome  this  difficulty, 
"pendulum  buffers''  have  been  devised.  By  means  of  a  crank  and 
pitman  large  wooden  blocks  are  made  to  slide  back  and  forth.  These 
blocks  are  covered  with  felt  pads,  by  means  of  which  the  polishing 
is  done,  putty  powder  almost  dry  being  used. 

For  hand  polishing  of  curved  or  irregular  surfaces  a  fine  sandstone 
or  hone  is  employed. 

CUBIC  STOCK. 

Unsound  blocks  cut  to  better  advantage  into  cubic  than  into  thin 
stock.  On  the  other  hand  acute-angled  blocks  should  be  cut  into 
thin  stock  to  avoid  waste. 

For  cutting  cubic  stock  to  proper  dimensions,  a  perforated  steel 
circular  saw,  a  diamond  circular  saw,  or  a  single  blade  in  a  straight- 
out  gang  frame  may  be  employed.  With  the  perforated  steel  circular 
saw  sand  or  steel  shot  is  employed  as  abrasive.  It  cuts  fairly  well 
but  is  now  replaced  in  many  places  by  the  more  rapidly  cutting  dia- 
mond saw. 

Circular  diamond  saws  vary  in  diameter  from  20  to  72  inches.  The 
diamond  teeth  are  replaceable.  The  first  cost  is  high,  though  with 
care  the  cost  of  maintenance  is  not  excessive.  They  occupy  little 
space  and  saw  rapidly.  An  abimdance  of  water  is  necessary  for 
successful  oj^eration,  and  care  must  be  exercised  to  avoid  overcrowd- 
ing. A  New  York  company  operates  a  pair  of  parallel  diamond 
saws  which  are  adjustable  for  width. 

A  single  saw  blade  with  crushed  steel  or  sand  as  abrasive  is  occa- 
sionally used.  Its  operation  is  too  slow  to  be  satisfactory.  A  blade 
set  with  diamond  teeth  and  placed  in  a  straight-cut  gang  frame  may 
be  employed. 

PLANERS. 

Planers  are  used  extensively  for  cutting  moldings  and  cornices. 
The  more  improved  forms  may  be  apphed  to  either  straight  or  cir- 
cular work.  Of  late  years  a  great  deal  of  the  work  formerly  done 
with  planers  is  performed  with  carborundum  machines. 
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CARBORUNDUM   MACHINES. 

Carbomaduin  machines  are  great  time  savers.  The  extensive  use 
of  carborundimi  is  one  of  the  most  remarkable  modifications  in  the 
equipment  of  modem  marble-finishing  shops.  Curved  work,  mold- 
iogS;  comiceS;  or  balusters  are  all  cut  successfully  with  carborundum 
wheels. 

The  method  of  preparing  a  carborundum  wheel  is  to  set  it  in  a 
lathe,  and  by  means  of  a  steel  tool  to  cut  it  into  the  shape  of  a  negative 
of  the  pattern  desired.  The  wheel  is  then  placed  on  the  shaft.  The 
marble  block  travels  on  the  machine  bed  beneath  the  wheel  which 
cuts  the  molding  to  the  desired  shape.  A  copious  stream  of  water 
plays  on  the  cutting  surface.  Plate  IX*  shows  the  manner  in  which 
a  molding  is  cut.  Round  bases  may  be  carved  by  rotation  of  the 
marble  mass,  and  curved  forms  may  be  made  by  a  continuous  auto- 
matic adjustment  of  the  cutting  wheel,  'as  shown  in  Plate  X,  -4.  A 
carborundum  wheel  in  use  for  making  balusters  is  shown  in  Plate 
X,  j8.  The  piece  of  marble  is  roughed  out  to  the  general  shape  de- 
sired. The  carborundum  wheel  and  the  baluster  are  rotated  hi 
opposite  directions.  Balusters  are  manufactured  much  more  rap- 
idly by  this  method  than  with  a  lathe,  especially  if  the  marble  is 
hard  or  tough.  One  company  manufacturing  balusters  from  the 
Roxbury,  Vt.,  verd  antique  completes  in  about  one  hour  a  baluster 
3^  feet  long  and  about  6  inches  in  diameter  at  its  widest  part.  The 
time  requked  to  turn  a  similar  baluster  on  a  lathe  is  about  three 
hours. 

Machines  are  now  manufactured  for  fluting  large  columns.  Rather 
than  cut  out  all  the  material  with  a  carborundum  wheel,  one  com- 
pany finds  it  advantageous  to  first  use  diamond  saws  to  make  a  series 
of  parallel  cuts  in  the  deepest  part  of  the  fluting.  The  intervening 
marble  is  broken  out  with  a  hammer  and  the  operation  completed 
with  the  carborundum  wheel.  By  thus  using  diamond  saw  and 
hammer  to  remove  the  bulk  of  the  material  the  time  required  for 
fluting  is  just  one-half  that  required  if  all  the  cutting  is  done  with  the 
carbonmdum  wheel. 

Another  company  has  introduced  a  simple  machine  to  save  time  in 
cutting  circular  or  other  irregular  work.  A  horizontal  iron  bed  about 
5  feet  in  circumference  is  surrounded  by  a  galvanized-iron  pan  to 
catch  the  drip.  Projecting  from  the  center  of  the  bed  is  a  vertical 
shaft  to  which  a  carborundum  wheel  is  attached.  The  marble  block 
is  roughed  out  and  the  desired  outline  carefully  marked.  In  order  to 
facilitate  movement  of  the  marble  block  on  the  bed,  flat  iron  plates 
12  by  1 J  inches  by  }  inch  are  provided  with  ball  bearings  inserted  in 

a  PI.  IX  and  PI.  X,  A  and  B,  wore  kindly  supplied  by  the  Julius  Wegner  Machine  Works,  Astoria, 
Long  Island,  N.  Y. 
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holes  and  projecting  slightly  above  the  surface.  The  arrangemeiit  of 
ball  bearings  is  shown  in  figure  21.  The  block  is  placed  on  these 
plates  and  is  thus  very  easily  guided.  It  is  held  against  the  rotating 
carborundum  wheel  and  cut  to  the  lino.  The  claim  is  made  that  one 
man  can  accomplish  as  much  with  this  machine  as  10  men  cutting  by 
hand. 

One  weakness  of  the  method  is  the  lumpy  or  uneven  surface  that 
inevitably  results  from  hand  manipulation.  The  company  contem- 
plates the  introduction  of  an  adjustable  block  support  to  be  attached 
to  a  lathe  bed  running  beneath  a  carborundum  wheel.  The  bed  is 
designed  to  travel  very  slowly  while  the  turning  of  a  handwhed 
raises  or  lowers  the  block.  Thus  the  accuracy  of  machine  work  will 
replace  the  unavoidable  inaccuracy  of  hand  labor.  Similarly^  the 
introduction  into  marble-finishing  plants  of  many  new  and  special 
forms  of  carborundum  machines  may  be  expected. 

COLUMN  CUTTINO. 

Various  methods  are  employed  for  cutting  ox)lumns  of  marble. 
One  company  cuts  small  columns  by  means  of  a  circular  steel  drum 

rotating  on    a  vertical 

axis  and  fed  ¥nith  sand 

^  ^     and  water.    Other  com- 

i     panics    employ   similar 

FiauW6  2L-Ironpl»t«  with  ball  bearings  used  to  todlltate  move-    ^Jj-^jj^g  haviniT   diamond 

ment  of  marble  blocks.  .       .  ,    :,  -, 

teeth  mserted  on  the 
lower  mai^gin.  The  cutting  is  done  by  the  diamonds  and  no  other 
abrasive  is  necessary.  A  stream  of  water  is  supplied  during  the 
cutting  process. 

The  largest  cutting  drum  of  this  type  yet  observed  is  that  employed 
by  a  Colorado  company  in  cutting  columns  for  the  Lincoln  Memorial, 
now  under  construction  at  Washington,  D.  C.  Each  section  of  a 
column  is  7  feet  5  inches  in  diameter  and  68  inches  long.  The  drum 
has  80  diamond  teeth.  A  period  of  4  to  6  hours  is  required  for  cut- 
ting each  section. 

Drum  column  cutters  give  good  satisfaction  for  short  columns  or 
short  sections  of  columns,  as  described  above.  For  large  monoliths 
a  lathe  must  be  employed.  Ck)limms  are  then  roughed  out  to  the 
approximate  form  desired  before  they  are  placed  in  the  lathe.  The 
cutting  tool  employed  is  similar  to  that  used  in  the  ordinary  machine 
lathe  for  turning  metal  shafts. 

Lathes  adapted  for  fluting  as  well  as  turning  are  now  used  by  some 
companies. 

A  lathe  may  also  bo  employed  for  pohshing  plain  columns,  though 
the  rubbing  or  pohshing  of  fluted  columns  is  done  by  hand. 


A  CARBORUNDUM  MACHINE  ADAPTED  FOR  CUTTING  CURVED  MOLDINGS. 


R  CUTTING  BALUSTERS. 
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CUrnNO  AND  CARVING. 


All  complicated  patterns,  or  other  irregular  designs,  must  bo  cut 
by  hand.  Much  of  the  cornice  and  molding  work  formerly  done  by 
hand  is  now  performed  successfully  with  planers  or  carborundum 
machuies.  As  mentioned  previously,  carborundum  machines  are  of 
especial  interest  to  stonecutters,  as  they  are  capable  of  such  varied 
adaptations.  For  hand  carving,  small  operators  with  limited  capital 
employ  hand  tools  and  hammers.  Pneumatic  tools  are  much  better, 
and  should  be  Employed  wherever  possible. 

A  method  of  cutting  the  letters  on  headstones  by  means  of  a  sand 
blast  is  employed  by  at  least  two  companies.  A  shield  with  an 
opening  the  size  and  shape  of  the  inscription  area  is  placed  over  the 
monument.  Steel  letters  are  glued  on  the  rock  surface  in  proper 
position,  and  a  sand  blast  directed  at  high  pressure  against  this 
surface  for  a  few  moments  cuts  down  the  entire  area  except  that 
protected  by  the  steel.  A  httle  hand  trimming  is  required  to  correct 
irregularities  due  to  varjnng  hardness  of  the  stone.  Much  time  is 
saved  by  employing  this  method,  especially  when  many  monuments 
of  the  same  size  and  shape  are  manufactured. 

That  part  of  a  stone  shop  that  is  devoted  to  cutting  and  carving 
should  be  well  lighted  and  heated. 


HANDLING  MATERIAL. 


An  overhead  crane  is  necessary  for  handling  heavy  material 
Electric  cranes  are  efficient,  and  are  so  widely  known  that  descrip- 
tion of  their  operation  is  superfluous.  In  many  shops  where  small- 
sized  stock  is  produced  the  material  is  handled  with  great  f  acihty  by 
means  of  small  trucks  run  by  hand. 


CRATING  AND  SHIPPING. 


Experienced  men  should  be  employed  for  crating  and  loading 
finished  material  upon  cars  ready  for  transportation.  The  material 
must  be  packed  in  such  a  manner  that  it  will  not  break  by  moving 
about  in  the  car,  but,  on  the  other  hand,  it  must  not  be  secured  too 
rigidly,  or  the  straining  of  the  cars  on  sharp  curves  may  cause 
breakage.  For  handling  heavy  material  a  derrick,  locomotive  crane, 
or  overhead  traveUng  crane  must  be  employed.  For  small  stock, 
trucks  are  commonly  used. 


ADEQUATE  WATER  SUPPLY. 


So  many  operations  in  the  mill  and  finishing  plant  require  an  abun- 
dance of  water  that  provision  must  be  made  for  an  adequate  supply. 
Failure  of  the  water  supply  may  make  necessary  suspension  of  the 
operation  of  part  or  all  of  the  marble-cutting  machinery.  If  for  any 
reason  the  supply  of  water  seems  liable  to  diminish  and  become 
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inadoquato,  immediate  steps  should  be  taken  to  obtain  a  lai^er  supply 
or  to  build  necessary  reservoirs  for  the  regulation  and  conservation 
of  the  supply  akeady  at  hand. 

THE  PEOBLEM  OF  WASTE. 

THE  DCPOBTANCB  OF  WASTE. 

Conservation  of  national  resources  demands  economy  in  quarrying. 
The  stone  resources  of  the  United  States,  although  great,  are  by  no 
means  inexhaustible,  especially  the  finer  grades  of  marble.  Added 
to  the  actual  value  of  the  material  forming  the  waste  heap  is  the  oost 
of  excavation.  The  cost  of  stripping,  channeling,  drilling,  and  hoist- 
ing waste  blocks  is  often  nearly  as  great  as  the  cost  of  handling  an 
equal  amount  of  good  rock.  Aside  from  the  value  of  the  rock  and  the 
additional  cost  of  quarrying,  the  waste  material  encumbers  the  ground, 
impedes  lateral  development,  and  interferes  with  yard  operations.  The 
failure  of  some  quarry  companies  to  realize  a  profit  is  due  to  the 
quarrying  of  an  excessive  amount  of  material  that  remains  unutilized. 

The  problem  of  waste  is  twofold.  In  the  first  place  it  has  to  do 
with  all  types  of  improved  equipment  and  modem  methods  of  exca- 
vation which  tend  to  keep  the  proportion  of  waste  at  a  mininiiim; 
and  in  the  second  place  it  must  deal  with  the  various  uses  to  which 
waste  material  may  be  applied.  In  other  words,  it  is  a  problem, 
first,  of  waste  elimination  and,  second,  of  the  utilization  of  whatever 
waste  is  unavoidable. 

ELIMINATION  VASTLY  HOBE  IMPORTANT  THAN  TJTILIZATIOK. 

Waste  elimination  is  much  more  desirable  than  waste  utilization. 
A  quarryman  should  by  no  means  countenance  methods  that  result 
in  excessive  waste  merely  because  he  has  found  an  outlet  for  his  waste 
material  inthe  form  of  by-products.  As  a  rule  the  cash  return  from 
by-products  is  only  a  fraction  of  the  production  cost  of  the  waste 
material  from  which  they  are  supplied.  As  an  illustration,  it  may  be 
assumed  that  a  moderate  co^  of  marble  excavation  is  25  cents  per 
cubic  foot,  or  $3  per  ton.  A  fair  price  for  riprap  is  50  cents  a  ton, 
one-sixth  of  the  cost  of  excavation.  The  quarryman  seeks  a  market 
for  riprap,  not  because  the  production  of  riprap  is  profitable,  but  for 
the  reason  that  he  prefers  to  obtain  one-sixth  of  the  cost  of  his  waste 
material  rather  than  to  receive  nothing  at  all.  By  eliminating  a  ton 
of  waste  he  saves  S3,  whereas  by  marketing  it  he  saves  only  50  cents. 

WASTE  ELIMINATION. 
UNAVOIDABLE  LOSSES. 

The  loss  of  a  part  of  the  good  stone  is  unavoidable.  Channeling, 
drilling,  scabbUng,  sawing,  and  coping  are  all  necessary  operations 
which  use  up  an  appreciable  share  of  the  stone.    In  addition  to  losses 
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due  to  the  processes  of  manufacture,  more  or  less  stone  must  be  thrown 
away  on  aocoimt  of  imperfections. 

AVOIDABLE  LOSSES. 

It  is,  however,  the  throwing  away  of  masses  containing  many  cubic 
feet  of  good  stone,  or  the  handling  of  an  excessive  amount  of  inferior 
material,  which  constitutes  the  serious  and,  for  the  most  part,  avoid- 
able losses.  Causes  of  these  greater  losses  and  methods  of  quarrying 
that  will  eliminate  them  are  discussed  below. 

CHIEF  CAUSES   OP  WASTE. 

The  natural  imperfections  in  marble  that  constitute  the  source  of  the 
greater  losses  are  unsoundness,  strain  breaks,  impurities,  and  lack  of 
uniformity  either  in  color  or  texture.  On  account  of  the  particidar 
method  followed  in  marble  quarrying,  irregular  masses  or  acute-angled 
blocks  may  result  and  lead  to  further  waste. 

SYSTEMATIC   PBOSPECTING. 

Unsoundness,  texture,  and  distribution  of  color  or  impurities  vary 
from  point  to  point  in  the  same  deposit.  The  prospective  quarry 
operator  must  not  too  hastily  open  a  field  of  operations.  Systematic 
prospecting  is  a  first  step  toward  waste  elimination.  Outcrops  or 
stripped  surfaces  should  be  carefully  examined  for  unsoimdness,  bad 
color,  flint  balls,  etc.  Naturally,  investigation  should  follow  the 
direction  in  which  any  improvement  appears  in  the  rock. 

The  most  suitable  location  as  indicated  by  surface  conditions  having 
been  chosen,  the  next  step  is  to  ascertain  the  qualities  of  the  marble 
at  various  depths.  Drill  holes  should  be  projected  at  points  dis- 
tributed systematically  over  the  area  imder  investigation.  Double 
core-barrel  drills  are  the  best  for  this  purpose,  as  they  give  infor- 
mation concerning  unsoimdness  in  addition  to  indicating  color, 
uniformity,  and  supply.  Any  change  in  quality  with  depth  is 
important  as  showing  whether  development  should  best  extend 
laterally  or  vertically. 

DIRECTION  OF  QUABRY  WALLS. 

Before  operations  are  started  the  outcrop  or  stripped  surface  should 
be  mapped  carefully  to  show  the  direction  of  strike  and  dip,  and  the 
directions  of  the  chief  joint  systems.  Naturally  the  quarry  walls 
should  parallel  those  rock  structures  that  are  most  pronounced.  If 
the  beds  ar6  tilted  and  if  inferior  beds  alternate  with  those  of  good 
quality,  it  may  seem  advisable  to  make  the  quarry  waUs  parallel  the 
strike  and  dip.  If  the  rock  is  of  imiform  quality  but  intersected  by 
prominent  joint  systems,  the  quarry  walls  should  be  parallel  and  at 
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right  angles  to  the  chief  jointS;  or  possibly  the  contiguous  walls  should 
parallel  the  two  chief  systems  of  joints  if  these  should  meet  at  oblique 
angles.  The  quarryman  must  use  keen  judgment  and  give  careful 
study  to  this  question.  Careful  mathematical  calculations  may  be 
necessary 'before  he  can  determine  definitely  which  plan  will  give 
him  the  minimum  of  waste. 

The  authof  knows  of  instances  where  a  mistake  in  the  original 
plan  of  quarrying  has  led  to  an  excessive  proportion  of  waste.  In 
a  certain  quarry  the  marble  beds  strike  N.  35°  W.,  and  dip  30°. 
The  sides  of  the  excavation  are  N.  60°  W.  and  N.  30°  E.,  respectively. 
Hence,  one  wall  of  the  excavation  makes  an  angle  of  25°  with  the 
strike.  As  a  consequence  the  beds  pitch  into  one  comer  of  the  quarry, 
as  shown  in  Plate  VII,  C.  The  nature  of  the  rock  requires  that  it  be 
split  on  the  bed,  and  as  a  consequence  ^'oblique"  blocks  result  and 
the  waste  is  excessive. 

Of  course  when  such  a  mistake  has  been  made  in  the  original  plan 
of  quarrying,  it  is  possible  to  change  the  plan  and  quarry  parallel 
with  the  chief  rock  structures.  By  such  a  change,  however,  comers 
are  left  and  the  original  floor  space  greatly  reduced. 

TUNNELING  TO  AVOID  UPPER  INFERIOR  BEDS. 

The  depth  of  inferior  rock  due  to  siu^ace  alteration  is  an  important 
consideration.  Although  the  actual  value  of  the  untouched  material 
may  be  negligible,  the  cost  of  handling  great  quantities  of  waste 
material  adds  greatly  to  the  expense  of  quarrying.  The  removal  of 
such  material  may,  imdor  certain  conditions,  be  avoided  by  employ- 
ing tunnel  methods. 

WASTE  IN   TUNNELING. 

In  projecting  a  tunnel,  head  room  is  obtained  by  blasting  out  a 
space  6  to  7  foot  in  height.  If  the  tunnel  is  driven  in  good  marble 
a  large  quantity  of  good  material  is  thus  destroyed.  If  practicable, 
the  quarryman  should  choose  an  inferior  bed  in  wliich  to  drive  the 
preliminary  opening.  If  a  tunnel  is  to  be  projected  with  a  view  to 
avoiding  handling  surface-stained  material,  it  should  be  driven  in 
the  band  immediately  above  the  good  rock,  provided  a  soimd  roof 
of  sufficient  thickness  remains. 

The  blasting  required  in  tunnel  work  demands  care  to  avoid  shat- 
tering the  good  marble.  When  tunneling  \a  done  on  the  bed,  a  band 
of  mica  schist  or  even  an  open  bedding  plane  at  the  floor  of  the  pre- 
liminary tuimol  may  servo  as  a  cushion  and  prevent  the  shock  from 
affecting  the  good  marble  beneath.  If  no  such  cushion  exists,  as  a 
safety  precaution,  only  light  charges  are  used,  and  holes  are  fired 
singly  as  the  simultaneous  discharge  of  a  series  of  shots  creates  too 
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severe  a  shock.  The  making  of  a  horizontal  floor  cut  with  a  chan- 
neling machine  prevents  the  effects  of  blasting  from  reaching  the 
good  marble,  but  the  difficulties  and  inconveniences  of  the  method 
make  it  of  doubtful  value. 

WASTE   DUE  TO   UNSOUNDNESS. 

Channeling  regardless  of  unsoundness  probably  accoimts  for  the 
loss  of  a  greater  quantity  of  good  marble  than  any  other  single  cause. 
Unsoundness  is  the  most  prolific  source  of  waste,  and  the  one  that  is 
receiving  least  attention  in  the  majority  of  American  marble  quarries. 
Too  great  emphasis,  therefore,  can  not  be  placed  on  this  phase  of 
the  waste  problem. 

Waste  results  whenever  joints  pass  through  blocks,  and  the  waste 
becomes  excessive  when  they  pass  in  diagonal  directions.  A  reduc- 
tion to  a  minimum  of  this  form  of  waste  involves  first  a  modification 
of  channeling  and  drilling  directions  in  order  that  they  may  conform 
with  the  directions  of  the  chief  joint  systems,  and  second  a  variation 
in  the  spacing  of  cuts  to  make  them  coincide  with  joints  and  thus 
eliminate  the  joints  from  the  blocks.  Attention  is  directed  to  figure 
10  (p.  63)  which  illustrates  the  manner  in  which  waste  may  be  elimi- 
nated by  a  judicious  arrangement  of  channel  cuts. 

WASTE  DUE  TO  LACK  OF  UNIFOBMrTY. 

* 

If  there  is  a  variation  in  the  texture  or  color  or  the  marble,  care 
should  be  taken  to  quarry  in  such  a  manner  as  will  tend  to  produce 
material  that  may  be  closely  classified.  Thus,  channel  cuts,  and  drill 
holes  shoidd  foUow  as  closely  as  possible  the  boundaries  between 
different  grades  of  material.  If  a  block  of  stone  contains  75  per 
cent  of  inferior  and  25  per  cent  of  good  material  it  will  probably  be 
thrown  in  the  waste  heap,  along  with  blocks  that  are  100  per  cent 
inferior.  If,  however,  it  is  so  quarried  that  even  part  of  the  25  per 
cent  of  good  material  is  retained  on  a  good  block,  a  saving  has  been 
effected.  This  featm^e  is  discussed  on  page  60.  By  making  all  the 
cross  breaks  along  lines  that  mark  separations  between  material  of 
different  grades  a  close  classification  may  be  made. 

WASTE  DUE  TO  IBBEOULAB  BLOCKS. 

Imperfect  quarry  methods,  such  as  making  too  few  drill  holes  or 
wedging  so  forcibly  as  to  produce  artificial  strain  breaks,  may  result 
in  the  production  of  irregular  blocks.  Channeling  or  otherwise  sep- 
arating blocks  along  hnes  making  acute  angles  with  open  seams 
or  beds  may  residt  in  the  production  of  irregular  or  angular  frag- 
ments, most  of  which  are  thrown  in  the  waste  heap.  When  irregular 
blocks  are  placed  on  the  saw  bed  the  removal  of  thick  surface  slabs 
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FiouBB  22.— Rjght«igled  block. 


aad  of  irregular  or  angular  ends  leaves  a  relatively  smaU  proportion 
of  good  stone. 

THE  VARIOUS  REOX7LAB  FORMS  OF  QUARRIED  BLOCKS. 

Usually  marble  is  quarried  in  regular  blocks  boimded  by  three 
pairs  of  parallel  faces.    Such  regular  blocks  may  be  in  various  forms. 

The  relative  waste  involved  in  each 
form,  and  the  conditions  that  jus- 
tify or  condemn  excavation  in  such 
a  way  as  to  produce  each  form  are 
of  supreme  importance. 

Of  regular  blocks  boimded  by 
three  pairs  of  opposite  and  parallel 
faces,  four  different  forms  are  quar- 
ried. These  are  represented  in  fig- 
ures 22, 23,  24,  and  25.  The  block 
represented  by  figure  22  is  bounded 
by  three  pairs  of  parallel  faces, 
all  adjacent  faces  meeting  at 
right  angles.  Hence,  this  may  be 
termed  a  "right-angled"  block.  In  figures  23,  24,  and  25  a  right- 
angled  block  is  shown  in  dotted  lines,  in  order  to  indicate  the  rela- 
tionship existing  between  it  and  the  other  forms  described. 

Figure  23  represents  a  block  that  results  when  the  quarry  floor  is 
level,  when  one  channel  cut  crosses  the  line  of  strike  at  right  angles, 
and  when  the  cross  break  or  second 
channel  cut  is  made  parallel  with  a 
steep  dip.  The  angles  between  faces 
a  and  6,  and  between  faces  c  and  6, 
are  right  angles,  whereas  between 
faces  a  and  c  the  angle  is  greater 
than  90**.  The  face  c  and  its  par- 
allel and  opposite  face  are  inclined 
at  an  oblique  angle  with  respect  to 
one  other  pair  of  faces,  and  in  con- 
sequence the  block  is  termed  a 
"monoclinic"  block. 

Figure   24    represents   the    form 
of   block  which  results  when   the 

quarry  floor  a  is  level,  the  channel  cut  forming  the  face  6  is  vertical, 
and  the  cross  break  or  channel  cut  forming  the  face  c  passes  obliquely 
through  the  block  with  respect  to  both  a  and  6.  Between  the  faces 
a  and  h  the  angle  is  right,  whereas  the  angles  between  a  and  c  and 
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FioxTKS  24.— Oblique  block. 


between  b  and  c  are  both  oblique.  The  line  marking  the  emergence 
of  the  plane  c  on  the  level  quarry  floor  is  not  perpendicular  to  the 
chaonel  cut  that  forms  the  face  h,  as  with  the  block  shown  in  figure 
23,  but  passes  obliquely  across  the  surface.  Hence,  this  block  may 
be  termed  "oblique.'' 

Figure  25  shows  a  block  in  which  no  right  angles  exist  between  the 
bounding  faces.  Such  a  form 
results  when  the  quarry  floor  is 
level  and  when  the  channel  cuts 
are  neither  at  right  angles  to  each 
other  nor  vertical,  being  inclined 
at  steep  angles.  As  .there  are 
no  right  angles  and  as  the  three 
pairs  of  faces  are  inclined  at  ob- 
lique angles  to  each  other,  such  a 
block  maybe  termed  "triclinic.'* 
It  may  be  noted  that  the  four 
forms  described  represent  the 
varying  stages  of  obliquity  that  are  possible  in  regular  forms  bounded 
by  three  pairs  of  parallel  faces.  Of  the  angles  formed  by  the  meeting 
of  the  three  faces  a,  &,  and  c  in  figure  22,  there  are  three  right  angles; 
in  figure  23,  two  right  angles  and  one  oblique  angle;  in  figure  24,  one 

right  angle  and  two  obUque  angles; 

and    in   figure    25,    all    three    are 

oblique. 

CJmOUMSTANCES  GOVERNING  THE 
PRODUCTION  OF  THE  VARIOUS 
FORMS. 

For  convenience  in  describing 
the  manner  in  which  blocks  are 
formed,  the  three  cuts  by  which 
blocks  are  separated  may  be  termed 
the  "floor  cut,"  the  "strike  cut,"  and  the  "dip  cut."  The  floor  cut 
or  "bottom  break,"  as  it  is  sometimes  called,  is  the  break  that  sepa- 
rates the  block  from  the  quarry  floor,  as  shown  at  a,  figtire  26.  The 
strike  cut  is  parallel  with  the  strike  of  the  rock  at  shown  at  6,  and  the 
dip  cut  follows  a  line  at  right  angles  to  the  strike  cut,  as  at  c. 

Bight-angled  blocks  are  obtained  when  the  quarry  floor  is  level 
and  when  the  channel  cuts  and  cross  breaks  are  vertical  and  at 
right  angles.  They  may  also  be  produced  if  the  quarry  floor  slants 
so  as  to  parallel  the  dip,  if  the  channel  cuts  and  cross  breaks  are  made 
in  such  a  manner  as  to  form  right  angles  with  each  other  and  with  the 
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floor,  as  shown  in  figure  26.  In  some  qunrries  the  dip  cuts  are  made 
with  a  chaimeler  and  the  cross  breaks  by  driUiug  and  wedging.  If 
the  rift  is  slight  it  may  be  deeirable  to  make  channel  cute  in  both 
directions.  Inclined  strike  cut«  may  be  made  on  a  slantji^  floor 
with  Sullivan  "Z"  or  logersoll  electric  air  mscbinee.  They  operate 
on  a  level  track  with  the  channeling  machinery  inclined  in  such  a 
manner  as  to  make  the  strike  cuts  perpendicular  to  the  dip  as  shown 
in  Plate  XL" 

If  bed»  are  inclined  at  an  an^e  and  the  quarry  floor  is  n^intained 
on  a  level  it  may  seem  desirable  to  quarry  acute-angled  blocks.  la- 
cUned  marble  beds  may  have  a  pronounced  rift,  or  a  color  distribu- 
tion, or  both,  in  a  direction  parallel  with  the  bedding.  Under  such 
conditions,  ease  of  splitting  or  a  proper  grading  of  material  may 
^  .  require  the  strike  cuts  to  be 

inclined  to  parallel  the  dip 
as  shown  in  Plate  XII,  A, 
As  a  result,  with  a  level 
quarry  floor,  and  one  set  of 
channel  cuts  perpeadiculnr 
to  the  strike,  "monoclinic" 
blocks  are  produced.  Such 
blocks  are  also  formed  if 
the  quarry  floor  ia  inclined 
to  parallel  the  beds  and  the 
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As  nicntioiiiMl  previously,  a  siirious  mistake  ia  occasionally  made  by 
failing  to  make  the  quarry  walls  conform  in  direction  with  the  strike 
of  the  rock.  Under  such  conditions,  incUneil  open  beds  will  pitch 
into  one  comer  of  the  quarry,  as  shown  in  Plato  VII,  O  (p.  86). 
When  a  level  floor  ia  maintained,  a  separation  parallel  with  the  beds 
will  pass  obliquely  with  respect  to  the  channel  cuts,  resulting  in  what 
have  been  termed  "obUque"  blocks,  shown  in  figure  24.  Oblique 
blocks  may  also  result  from  a  modification  of  the  regular  vertical  and 
right-angled  iliroction  of  channel  cuts  in  order  to  parallel  a  system  of 
joints. 

"Triclinic"  blocks  are  protluccd  only  under  peculiar  conditions. 
In  one  quarry  previously  mentioned  the  marble  is  quarried  on  a  level 
floor,  tlio  strike  cut,  which  nms  N.  5"  W.,  is  inclined  60°  from  the 
horizontal  to  parallel  the  dip,  and  the  second  channel  cut  is  made  in 
the  direction  N.  82°  E.,  and  is  inclined  61°  from  the  horizontal  to 
parallel  a  pronounced  syi^tom  of  joints.     Thus  the  throe  pairs  of  faces 
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of  the  resulting  block  meet  each  other  at  oblique  angles  to  produce 
a  "triclinic''  form,  as  shown  in  figure  25. 

WASTE   DUE   TO   ACUTE-ANGLED   BLOCKS. 

As  by  far  the  greater  proportion  of  all  structural  material  is  right- 
angled  in  form,  right-angled  blocks  are  the  most  desirable  and  give 
a  minimum  of  waste  material. 

When  a  monoclinic  block  is  cut  into  cubic  stock,  angular  comers 
are  cut  off  and  thrown  into  the  waste  heap.  The  excessive  waste 
resulting  from  such  a  process  is  indicated  in  figure  27.  Quarrying 
on  an  inclined  floor,  thus  producing  right-angled  blocks,  would  greatly 
diminish  the  waste. 

That  a  greater  proportion  of  waste  must  result  from  oblique  blocks 
than  from  those  of  monoclinic  form  is  shown  in  figure  28.  If  the 
oblique  form  results  from  a  mistake  in  the  original  layout  of  the 
quarry,  and  if  much  cubic  stock  is  desired,  it  is  probable  that  a 


FiouiiB  27.— Diagram  showing  waste  resulting  from  cutting  monoclinic  Mocks  into  cubic  stock. 

change  in  the  direction  of  channeling  to  conform  with  the  direction  of 
strike  would  be  justified. 

No  diagram  is  necessary  to  indicate  that  the  triclinic  block  is  even 
less  economical  than  the  oblique. 

The  angle  of  obhquity  has  a  direct  bearing  on  the -economy  of 
quarrying.  The  acute  angles  may  approach  90°  or  they  may  be  60°, 
45°,  or  even  30°.  It  is  at  once  evident  that  the  more  acute  the  angle 
becomes  the  greater  is  the  proportion  of  waste.  The  increase  in 
waste  due  to  increase  in  obliquity  is  especially  pronoxmced  when 
cubic  stock  is  produced. 

JUSTIFICATION  FOR   ACUTE-ANGLED  BIXKIKS. 

It  has  been  shown  that  with  each  increase  in  the  number  of  oblique 
angles  in  a  block  of  soimd  and  uniform  marble,  provided  the  acute 
angles  are  of  approximately  the  same  size,  there  is  a  corresponding 
increase  in  the  proportion  of  waste.  The  question  arises,  Is  the 
production  of  acute-angled  blocks  ever  justified  ? 
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The  nature  of  the  product  has  an  important  bearing  on  this  ques- 
tion. When  the  quarried  material  is  cut  into  thin  stock  exclusively, 
slabs  of  uniform  size  may  be  produced  from  monoclinic  blocks  witii 
little  waste,  as  shown  in  figure  29.  Except  for  the  beveled  edges 
that  must  be  removed  in  coping,  the  waste  is  not  abnormal.  How- 
ever, it  must  be  remembered  that  in  sawing  monoclinic  blocks  longer 
saws  are  required  than  for  blocks  of  the  same  size  in  rectangular  form. 
Also,  if  long  blades  are  used,  the  cuts  are  liable  to  be  irregular. 

Under  certain  conditions  acute-angled  blocks  are  the  most  econom- 
ical that  can  be  quarried,  especially  if  the  material  to  be  quarried  is 
unsound  or  nonuniform.  It  is  illogical  to  state  that  as  acute-an^ed 
blocks  do  not  as  a  rule  cut  to  advantage  their  production  should 
always  be  avoided.  Usually  economy  demands  that  blocks  be 
separated  parallel  with  the  prevailing  rock  structures,  and  these 
structures  may  not  be  bi  right-angled  arrangement.  They  may  be 
so  arranged  that  by  quarrying  in  conformity  with  them,  monoclinic. 


FiouBx  28.— Diagram  showing  waste  resulting  from  cutting  an  oblique  block  into  cubic  sto^. 

oblique,  or  even  triclinic  forms  must  result.  Rock  structures  are 
fixed  and  unavoidable  features,  and  many  of  them  are  undesirable  in 
nature,  distribution,  and  direction,  so  that  the  quarryman  must 
modify  his  methods  to  make  the  best  of  them.  Although  in  quarry- 
ing sound  marble  right-angled  forms  are  the  most  economical,  in 
quarrying  unsound  or  nonimif orm  material  conformity  with  structure 
is  of  greater  consequence  than  right  angles. 

A  concrete  example  will  illustrate  this  point.  In  one  part  of  a 
certain  quarry,  color  bands  and  joints  make  oblique  angles  with  each 
other  and  with  the  level  quarry  floor.  Quarrying  parallel  with  these 
structures  results  in  the  formation  of  triclinic  blocks.  Tnclinrng  the 
floor  to  make  a  right  angle  with  either  the  color  bands  or  the  joints 
would  result  in  the  formation  of  oblique  rather  than  triclinic  blocks 
with  a  consequent  small  saving  of  material.  However,  the  conditions 
described  prevail  over  a  small  part  only  of  the  quarry,  and  as  a 
consequence  a  change  of  floor  attitude  would  not  be  justified. 
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If  in  this  inst&nc«  the  quanyman  had  channeled  vertically  in  two 
directions  at  right  angles,  and  thus  produced  right-angled  blocks, 
the  undesirable  color  bands  would  have  passed  through  the  blocks 
diagonally  in  one  direction,  and  the  joints  would  have  passed  diago- 
nally in  another  direction.  Such  blocks  would  probably  be  worthless. 
In  other  words  the  rightrBngled  block  would  give  the  maximum  of 
waste  and  the  triclinic  block  the  minimum.  Thus  under  certain 
conditions  the  quanying  of  acute-angled  blocks  represents  the 
highest  type  of  efficiency, 

OBNBSAL   RULES   GOVEBNINQ   SHAPE   OF   BLOCKS. 

Rules  for  the  quarryman's  guidance  may  bo  summarized  as  follows: 

(1)  Effort  should  be  made  to  produce  right-angled  blocks,  unices 
there  is  a  valid  reason  for  doing  otherwise. 

(2)  Quarrying  on  a  level  floor  and  splitting  diagonally  to  form 
moDodinic  blocks  may  be  justified  where  much  thin  stock  is  pro- 
duced.   If  much  cubic  stock 

is  desired,  the  quarryman 
shoiild  consider  carefully  the 
advisability  of  channeling  on 
an  inclined  floor  in  order  to 
produce  right-angled  blocks. 

(3)  A  direction  of  chan- 
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dined   beds   separated  by 

open  bedding  seams  pitching  into  the  comer  of  a  quarry  should  by 
all  means  be  avoided.  The  same  is  true  of  inclined  beds  that  are 
not  separated  by  open  seams  but  have  a  decided  rift  or  color  dis- 
tribution parallel  with  the  bedding. 

(4)  As  regards  unsound  or  nonuniform  material,  although  an 
effort  should  be  made  to  avoid  oblique  angles,  conformity  of  cuts 
with  structure  is,  as  a  rule,  more  economical  than  right-angled  cuts. 

IMPURrriES  THAT   CAUSE    WASTE. 

The  more  common  impurities  in  marble  are:  Silica,  dolomite,  pyrite, 
or  marcasite,  and  mica. 


The  presence  of  flint  or  some  other  form  of  silica  in  marble  beds  is 
a  source  of  waste  in  many  places.  Flint  balls  or  lenses  of  sUicious 
matter  that  are  seemingly  conformable  with  the  bedding  are  prob- 
ably original  constituents  of  the  marble  deposit.  As  mentioned  in 
the  section  on  marble  imperfections,  such  occurrences  are  probably 
characteristic  of  all  parts  of  the  beds  in  which  they  appear.    The 


118  TECHNOLOGY   OF    MARBLE   QUARRYING. 

presence  of  flint  balls  in  a  marble  bed  should  discourage  any  attempt 
at  extensive  excavation  with  a  view  to  uncovering  other  parts  of  the 
same  bed  in  the  hope  that  flint  may  not  be  present.  It  is  wiser  to 
assume  that  such  a  bed  is  undesirable  and  to  conduct  quarry  opera- 
tions in  such  a  manner  as  to  handle  as  little  of  it  as  possible.  If 
silica  is  a  secondary  filling  in  cracks  and  cavities,  it  tends  to  follow 
the  jomt  system,  and  consequently  if  the  rules  given  for  econonucal 
quanying  in  imsound  marble  are  followed  the  silica  may  be  largely 
eliminated  with  the  unsoimdness. 

DOIiOMTrE. 

Bands  or  lenses  of  dolomite  are  present  in  some  marble  deposits. 
Although  dolomite  is  just  as  desirable  a  form  of  marble  as  calcite,  a 
mixture  of  the  two  is  undesirable.  Dolonoite  is  harder  and  less 
soluble  than  calcite  in  ordinary  atmospheric  reagents.  On  the  other 
hand,  owing  to  the  tendency  of  dolomite  to  occur  in  granular  form, 
it  frequently  dissolves  more  rapidly  than  calcite.  On  exposed  sur- 
faces differential  weathering  is  likely  to  take  place,  and  in  time  a 
pitted  or  otherwise  nonuniform  siuface  will  result.  Quanying 
should  be  conducted  in  such  a  manner  as  to  avoid  those  beds  that 
show  a  xuixture  of  calcite  and  dolomite  unless  the  mixture  is  intimate. 

PTBITE  AND  MARCASITB. 

The  effect  of  pyrite  and  marcasite  on  the  quality  of  marble  may  be 
pronounced  or  it  may  be  scarcely  noticeable.  Those  forms  of  either 
impurity  that  have  a  tendency  to  cause  stains  by  weathering  should 
be  avoided  in  quarrying  marble  for  exterior  work. 

ICICA. 

The  presence  of  mica  in  marble  is  probably  the  result  of  the  effects 
of  metamorphism  on  interbedded  clay.  As  clay  bands  are  formed 
from  stream  deposits,  they  are  near-shore  phenomena.  The  marble 
prospector  should  have  a  thorough  knowledge  of  the  geologic  histoiy 
of  his  deposit.  It  is  desirable  that  he  should  know  the  position  of 
the  shore  line  when  the  original  beds  that  formed  the  marble  were 
deposited.  Other  factors  being  equal,  it  is  desirable  to  locate  quar- 
ries at  some  distance  from  old  shore  lines  in  order  to  avoid  as  much  as 
possible  of  the  interbedded  mica. 

WASTE  DUE   TO  BAB  COLOB. 

A  great  saving  may  be  effected  by  close  grading  of  nonuniform 
material.  Slight  changes  of  color  from  white  to  gray  or  from  whit«e 
to  bluish  white  may  seriously  detract  from  the  market  value  of  the 
stone.  The  reasons  for  such  changes  are  obscure.  They  are  prob- 
ably due  to  the  presence  of  chemical  impurities  in  small  amount. 


THE  PROBLEM   OF   WASTE.  119 

If  the  impurities  are  original  components  of  tlie  marble  and  due  to 
the  pecuKar  conditions  of  limestone  deposition,  it  follows,  as  in  the 
case  of  flint,  that  the  distribution  of  color  wiU  tend  to  be  fairly  con- 
stant in  any  one  bed,  and  the  greater  variations  will  be  found  in 
passing  from  one  bed  to  another. 

WASTE  DUE  TO  STRAIN   BREAKS. 

A  condition  of  strain  within  the  marble  mass  has  in  certain  places 
caused  so  great  a  proportion  of  waste  that  the  workings  have  been 
abandoned.  The  rock  is  under  a  severe  compressive  stress  usually 
in  one  direction  only.  The  process  of  quarrying  relieves  the  stress 
at  certain  points,  and  the  consequent  expansion  may  cause  fractur- 
ing. Furthermore  the  expansion  of  one  mass  that  is  still  in  rigid 
connection  with  the  main  mass  still  under  compression  may  cause 
irregular  or  oblique  fractures  to  form  between  the  two  masses. 

In  order  to  avoid  the  excessive  waste  due  to  this  cause  steps  should 
be  taken  to  bring  about  relief  by  uniform  expansion  of  as  large  a 
mass  as  possible  at  one  time.  To  this  end  a  line  of  closely  spaced 
deep  drill  holes  shoidd  be  projected  along  each  side  of  the  quarry 
parallel  with  the  direction  of  compression,  and  a  similar  line  of  holes 
should  be  projected  across  the  quarry  at  right  angles  to  the  first  line. 
The  rock  will  expand  and  close  the  holes  in  the  latter  line,  and  the 
strain  will  thereby  gain  relief.  For  a  more  complete  discussion  of 
the  problem  of  strain  breaks  the  reader  is  referred  to  pages  123-145. 

WASTE  TTTIUZATION. 
BY-PRODUCTS. 

Although  the  proportion  of  waste  may  be  kept  at  a  minimimi  by 
the  adoption  of  economical  quarry  methods  and  efficient  machinery 
there  is  always  more  or  less  unavoidable  waste.  The  second  phase 
of  the  problem  of  rock  waste  has  to  do  with  the  various  means  of 
utilizing  the  waste  material.  Many  manufacturers  in  various  lines 
of  industry  have  found  that  the  manufacture  and  sale  of  by-products 
from  otherwise  waste  materials  have  placed  their  industries  on  a 
profitable  basis.  The  tremendous  heaps  of  waste  material  fornid 
near  many  marble  quarries  testify  to  the  need  of  greater  develop- 
ment along  the  line  of  waste  utilization  as  well  as  waste  avoidance. 

The  difficulties  in  the  way  of  such  development  are  of  various 
kinds.  The  need  of  a  market  for  rock  products  hinders  all  activity 
in  some  regions.  Local  conditions  may  be  such  that  the  demand  is 
small,  and  freight  rates  may  be  excessive.  Lack  of  a  market  in 
other  places  may  be  due  to  the  fact  that  although  certain  rock 
products  are  useful,  the  uses  are  unknown,  and  the  demand  is  small 
until  a  campaign  of  public  education  has  created  an  interest  in  them. 
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The  nonutilization  of  waste  may  be  due  to  lack  of  equ^ment. 
Available  capital  may  not  be  sufficient  to  build  or  purchase  the  neces- 
sary tracks,  kilns,  crushers,  or  pulyerizeis  for  the  manufacture  or 
transportation  of  the  various  rock  products. 

RIPRAP. 

One  important  use  for  waste  marble  is  in  riprap  for  shore  protec- 
tion in  rivers  and  harbors,  for  filling  in  piers,  or  for  constructing  rail- 
road embankments.  The  utilization  of  marble  blocks  for  such  pur- 
poses depends  chiefly  on  freight  rates'.  The  chief  item  in  production 
is  the  breaking  of  massive  blocks  into  fragments  of  convenient  size. 
This  may  be  done  by  pop  shots  for  the  larger  and  hand  hammers  for 
the  smaller  blocks. 

THE  BALL  BREAKER. 

The  cost  of  breaking  may  be  greatly  reduced  by  adopting  a  method 
introduced  by  an  Alabama  marble  company.  A  breaker  consisting 
of  a  steel  ball  weighing  about  2  tons  is  employed.  The  bale  is  set 
in  a  cavity  to  avoid  breakage.  The  ball  is  hoisted  to  a  considerable 
height  with  the  derrick,  then  tripped  and  allowed  to  fall  on  the 
marble  block.  The  impact  is  sufficient  to  break  large  blocks  into 
fragments  of  convenient  size  for  handling. 

An  iron  sphere  weighing  about  one  ton  was  first  employed.  It  -was 
not  strong  enough  to  withstand  the  severe  treatment,  and  was  later 
replaced  by  a  stocl  ball  of  double  the  weight. 

The  spherical  form  first  used  was  unsatisfactory,  because  the  ball 
woidd  roll  and  the  bale  was  frequently  at  the  bottom  and  difficult  to 
reach.  A  pear-shaped  form  with  the  bale  at  the  small  end  as  shown 
in  Plate  VI,  C>  is  now  used.  This  form  tends  to  keep  the  bale  alwa^^s 
in  an  available  position. 

The  ball  can  be  handled  quickly  and  is  less  dangerous  and  less 
costly  than  blasting,  as  the  expense  of  maintenance  is  low. 

LIME. 

Most  marble  waste  makes  excellent  lime  and  a  number  of  quarry 
companies  have  constructed  batteries  of  kilns  for  making  lime  from 
the  waste.  The  present  and  the  probable  future  demand  and  the 
price  must  of  course  be  sufficient  to  justify  the  expenditure  of  the 
necessary  capital  for  such  an  enterprise. 

FLUX. 

If  smelting  works  are  situated  at  a  convenient  distance  so  that 
freight  rates  are  not  excessive  scrap  marble  may  be  sold  for  fluxing 
purposes. 
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IMPROVEMENT  OF  SOILS. 

It  is  doubtful  whether  either  quarrymen  or  farmers  realize  how 
extensive  are  the  areas  of  agriciQtiiral  lands  that  need  liming,  or  how 
numerous  and  diverse  are  the  crops  that  may  be  benefited  by  the 
application  of  groimd  limestone  or  lime.**  It  is  a  popular  error  to 
assume  that  soils  in  limestone  or  marble  areas  do  not  need  lime. 
Many  soils  that  have  been  formed  from  limestone,  are  greatly  in  need 
of  lime.  It  is  beyond  the  scope  of  this  bulletin  to  outline  the  geo- 
graphic areas  in  which  lime  is  needed.  Such  information  may  be 
obtained  from  the  various  soil  siirvey  reports  issued  by  the  Depart- 
ment of  Agriculture  or  by  State  bureaus  carrying  on  experimental 
work  of  a  like  nature.  These  reports  indicate  that  large  areas  of 
farming  lands  situated  in  marble  regions  are  giving  mediocre  returns, 
although  piles  of  material  that  would  greatly  increase  the  productive- 
ness of  the  soil  lie  unused  in  the  near  vicinity. 

Government  reports  state  that  a  judicious  liming  of  the  soil  would 
increase  by  a  varying  percentage  the  agricultural  productiveness  of 
nearly  every  State.  Consequently,  those  quarrymen  who  have  vast 
heaps  of  waste  marble  in  convenient  localities  for  distribution  should 
attempt  a  campaign  of  publicity  along  such  lines  as  will  open  this 
market  for  their  waste  products  and  develop  an  industry  mutually 
beneficial  to  both  quarrymen  and  farmers. 

Marble  waste  is  being  used  for  soil  improvement  in  a  few  places,  but 
not  nearly  as  extensively  as  it  might  be  used.  Near  quarries  at 
CockeysvUle,  Md.,  the  upper  marble  beds  are  decomposed  to  a  fine 
powder  which  is  sold  as  fertilizer  without  grinding  or  pulverizing. 
The  slush  from  marble  miUs  is  an  excellent  material  for  this  purpose, 
and  requires  no  grinding. 

Marble  for  agricultural  purposes  should  be  finely  pulverized.  The 
general  view  is  that  the  finer  the  material  the  better.  It  may  be, 
however,  that  the  expense  of  produciog  the  finer  grades  may  make  it 
more  economical  to  supply  a  lai^r  amount  of  coarser  material.  It 
may  be  stated  that  at  least  80  per  cent  of  the  ground  rock  should  pass 
through  a  sieve  having  100  meshes  to  the  linear  inch. 

Lime  derived  from  burning  limestone  or  marble  in  kUns  is  more 
effective  in  the  soil  than  the  pulverized  rock.  Also  transportation 
costs  less,  as  marble  loses  greatly  in  weight  when  burned,  although 
no  calciimi  is  lost.  There  is  the  same  amount  of  calcium  in  2,000 
pounds  of  quicklime  as  in  3,550  pounds  of  marble.  In  other  words, 
2  tons  of  pulverized  limestone  have  approximately  the  same  effect 
on  the  soil  as  1  ton  of  quicklime.  Thus  it  may  be  seen  that  by  con- 
verting limestone  to  Ume  half  the  freight  expense  could  be  eliminated 
and  a  more  efficient  product  placed  in  the  market.     With  the  develop- 

aSee  Wheeler,  H.  J.,  The  liming  of  soils:  XT.  S.  Dept.  Agr.,  Farmers'  Bull.  77,  1906,  23  pp;  the  main- 
tenance of  fertaity;  limhig  the  land:  Ohio  Exp.  Sta.,  Bull.  279,  July,  1914,  22  pp. 
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ment  of  a  wide  and  active  demand  for  lime  fertilizer  it  may  pay  to 
bum  the  waste  marble  into  lime  rather  than  to  pulverize  it.  Quarry* 
men  who  now  burn  lime  from  their  waste  marble  should  endeavor  to 
develop  a  market  for  all  waste  lime  as  fertilizer. 

TERRAZZO. 

For  terrazzo  flooring  the  crushed  rock  fragments  should  be  some- 
what cubical  in  shape  and  there  should  be  a  minimum  of  material 
in  the  form  of  flat  flakes  or  slivers4  Before  installing  a  crusher  for 
producing  terrazzo,  experiments  should  be  made  to  determine  the 
type  of  crusher  that  will  give  the  maximum  proportion  of  material  of 
the  desired  form.  Fine-grained  white  marble  is  in  great^t  demand 
for  terrazzo,  though  there  is  a  limited  demand  for  black  or  other  dark 
colors  for  making  borders  or  patterns. 

CEMENT. 

Although  marble  waste  may  under  favorable  conditions  be  used  for 
the  manufacture  of  cement,  its  use  for  this  purpose  is  not  usually 
practicable.  The  supply  is  inadequate  for  the  manufacture  of 
cement  on  a  profitable  scale.  Only  where  cement  plants  are  situated 
near  marble  quarries,  and  can  use  the  marble  waste  to  supplement 
their  limestone  supply,  can  such  a  means  of  utihzation  be  profitably 
employed. 

ROAD  MATERIAL. 

Crushed  marble  alone  makes  a  good  though  not  a  very  durable  road. 
It  pxdverizes  easily  and,  unless  oil  or  asphaltic  material  is  used,  blo^ws 
away  as  dust.  When  mixed  with  clay  it  is  more  durable.  It  can  be 
used  to  advantage  if  more  permanent  materials  are  not  available. 

RUBBLE. 

A  limited  amount  of  marble  is  used  for  foundation  stone  and 
retaining  walls.  Considerable  labor  is  required  to  reduce  the  masses 
to  convenient  size  and  shape.  The  demand  is  in  most  places  merely 
local  and  therefore  limited. 

MISCELLANEOUS. 

Inferior  waste  material  may  be  used  to  advantage  for  local  improve- 
ment of  quarry  property.  Hollows  may  be  filled  and  the  yard 
brought  to  a  general  level,  new  roadways  may  be  constructed,  or 
dams  built  to  form  water  reservoirs. 

Certain  quarries  that  use  buckwheat  coal  for  fuel,  and  are  situated 
near  large  cities,  sell  their  cinders  to  be  used  in  place  of  gravel  for 
concrete  construction.  This  is  a  good  illustration  of  the  profitable 
use  of  material  that  many  quarrymen  would  consider  to  be  absolute 
waste. 
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LOSSES  DUE  TO  STRAIN. 

In  many  quarries  in  rocks  of  both  sedimentary  and  igneous  origin, 
at  certain  stages  in  the  process  of  rock  removal,  expansion  of  the 
rock  will  take  place,  or  irregular  fractures  will  suddenly  form,  occa- 
sionally accompanied  by  subterranean  noises.  Such  minor  earth 
fracturing  has  been  studied  by  scientists  in  an  effort  to  obtain  new 
light  on  earthquake  problems.  The  economic  aspects  of  the  phe- 
nomena have  been  almost  disregarded,  although  to  quarrymen  they 
are  of  prime  importance.  In  many  quarries  a  modification  of  meth- 
ods may  become  necessary  owing  to  the  interference  of  strain  with 
the  successful  operation  of  certain  quarry  tools.  Of  still  greater  im- 
portance is  the  fact  that  in  a  number  of  marble  quarries  the  formation 
of  the  so-called  ^  'strain  breaks''  results  in  the  waste  of  much  valuable 
material.  In  recent  years  it  has  become  necessary  to  abandon  at 
least  three  marble  quarries  in  widely  separated  localities  because 
the  marble  which  otherwise  would  have  been  valuable  was  rendered 
useless  by  excessive  strain  breaks.  Such  abandonment  has  occa- 
sioned the  loss  of  thousands  of  dollars,  and  the  excessive  waste  from 
the  same  cause  in  many  other  quarries  now  being  worked  has  resulted 
in  the  loss  of  many  thousands  more. 

STRAIN  CAUSES  WASTE,  NOT  IMPAIBED  QUALITY. 

As  reference  is  subsequently  made  to  particular  quarries,  one  point 
must  be  emphasized  in  order  that  marble  dealers  or  others  may  have 
no  misconceptions  concerning  the  effect  of  *' strain"  on  finished 
marble.  So  far  as  is  known,  the  so-called  ** condition  of  strain*'  in 
a  quarry  in  no  wise  detracts  from  the  value  of  the  finished  product 
either  in  strength  or  durabihty.  Whatever  damage  strain  breaks 
cause  to  the  rock  is  accomplished  before  the  blocks  leave  the  quarry 
floor  and  manifests  itself  in  fracturing  and  rending  masses  into  irregu- 
lar forms  which  can  not  be  worked  to  advajitage.  The  strain  causes 
waste  and  not  impaired  quaUty. 

EXTENT  AND  IMPORTANCE  OF  STRAIN. 

The  occurrence  of  strain  breaks  is  more  general  than  was  at  first 
supposed.  In  view  of  the  heavy  losses  sustained  by  several  quarry 
companies,  an  inquiry  into  the  manifestations  and  probable  origin  of 
strain  breaks  has  been  undertaken,  and  as  a  result  of  such  investiga- 
tions new  quarry  methods  are  suggested  tending  toward  a  reduction 
in  the  proportion  of  waste  from  this  cause.  Various  instances  of 
strain  phenomena  recorded  in  hterature  are  given  in  brief  abstract  in 
chronological  order,  and  to  these  are  added  examples  from  the  writer's 
personal  observations. 
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BZAXPLES  OF  STRAIN  PHBNOXBNA  BECX>BDSI>  IN  UTEBATUBB. 

Ono  of  the  eailiest  references  to  the  pheaomenon  is  given  in  ''The 
Miners  Dictionary/'  by  William  Hooson,  1747,  in  which  several  in- 
stances are  given  of  subterranean  noises  which  have  greatly  alarmed 
workmen.  No  attempt  at  explanation  is  given.  The  author  states, 
''  Miners  say  that  the  knocking  is  some  Being  that  Inhabits  in  the 
Concaves  and  Hollows  of  the  Earth;  and  that  it  is  thus  kind  to  some 
men  of  suitable  tempers,  and  directs  them  to  the  Ore  by  such  its 
knocking/' 

In  1854  Johnson  ^  described  strain  in  the  Portland  sandstone 
quarries  near  Middletown,  Conn.  If  a  uniform  channel  was  cut 
across  the  beds  in  an  east-west  direction,  when  the  opening  reached 
a  point  near  the  bottom  of  a  bed,  pressure  acting  in  a  north-south 
direction  would  suddenly  crush  into  fragments  the  remaining  part. 
An  expansion  in  the  rock  mass  of  three-fourths  of  an  inch  is  men- 
tioned, but  no  reference  is  made  to  the  length  of  the  mass  that  thus 
expanded.  When  a  bed  was  channeled  north  and  south  no  such 
compression  could  be  observed.  The  author  states  that  the  rocks 
are  ''not  perfectly  at  ease  in  their  ancient  bed,"  but  attempts  no 
explanation. 

In  1871  Niles'^  described  movements  and  expansions  of  gneiss  as 
noted  in  a  quarry  near  Monson,  Mass.  The  strike  of  the  planes  of 
foliation  is  given  as  N.  10^  E.  and  the  dip  as  N.  80^  W.  at  an  angle 
of  80°.  Cross  joints  are  rare.  The  rock  appears  to  be  under  com- 
pression in  the  direction  of  strike.  It  was  found  that  fracturing 
could  be  prevented  by  channeling  the  rock  across  the  strike.  A 
mass  of  rock  354  feet  in  length  expanded  1^  inches  when  broken 
loose.  The  formation  of  fractures  was  accompanied  by  loud  reports, 
and  the  projection  of  dust  and  rock  fragments  into  the  air  was  noted. 

These  phenomena  are  later  described  by  the  same  author «  in 
greater  detail.  Additional  evidence  is  presented  that  the  rock  dis- 
cussed is  clearly  under  compression  and,  when  freed,  expands. 

Three  years  later  Niles  ^  described  a  condition  of  strain  in  various 
locahties  and  deduced  certain  conclusions  from  these  occurrences. 
The  records  are  briefly  summarized  in  the  following  paragraphs. 

Niles  states  that  in  the  sandstone  quarries  of  Berea,  Ohio,  there  is 
evidence  of  a  strong  horizontal  compressive  stress  in  a  north-south 
direction  but  none  east  and  west.    The  process  of  quarrying  requires 

a  Johiuon,  John,  Notice  of  some  spontaneous  movements  oocasJonally  observed  in  the  sandstone  stnUa 
in  one  of  the  quarries  at  Portland,  Conn.:  Proc.  Am.  Assn.  Adv.  Sci.,  vol.  8, 1854,  p.  283. 

b  Niles,  W.  H.,  Some  interesting  phenomena  observed  in  quanTing:  Proc.  Bos.  Soc  Nat.  Hist,  vol.  14, 
1871,  p.  80. 

e  Niles,  W.  H.,  On  some  expansions,  movements,  and  fractures  of  rocks  observed  at  Monson,  Mass.: 
Proc.  Am.  Assn.  Adv.  8cl.,  vol.  22, 1873,  pt.  2,  p.  156. 

^  Niles,  W.  H.,  The  geological  agency  of  lateral  pressure  exhibited  by  certain  movements  of  rocks:  Proa 
Bob.  Soc  Nat.  Hist.,  vol.  18, 1875-76,  p.  272. 
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channels  to  be  cut  at  intervals.  In  quarries  with  a  northerly  and 
southerly  working  face  the  channels  are  cut  east  and  west.  When  a 
bed  has  been  channeled  nearly  through,  the  stone  at  the  bottom  of 
the  channel,  cut  is  broken  and  crushed  by  the  lateral  pressure,  and 
the  width  of  the  channel  is  perceptibly  decreased  by  expansion  of 
the  adjacent  rock.  As  such  crushing  renders  a  portion  of  the  stone 
worthless  for  structural  purposes,  it  was  found  advisable  to  cut  the 
trenches  in  short  sections  in  order  that  the  crushing  should  be  con- 
fined to  limited  masses.  The  expansion  and  fracturing  has  been 
noted  at  all  seasons  of  the  year  and  hence  is  seemingly  independent 
of  temperature  changes.  The  belief  has  been  general  that  the  pres- 
sure was  produced  by  the  weight  of  the  adjacent  overlying  rock. 
The  author  points  out,  however,  that  the  lateral  compression  ob- 
served could  not  residt  from  vertical  pressure  on  adjacent  parts  of 
the  beds. 

In  the  Lemont  (HI.)  Umestone  quarries  it  was  noted  that  in  certain 
places  where  potholes  crossed  the  boundary  between  adjacent  beds, 
as  a  result  of  the  slipping  of  one  bed  on  the  other  the  upper  parts  of 
the  holes  were  offset  with  respect  to  the  lower  parts.  An  arching 
of  the  rock  in  an  anticlinal  fold  with  east-and-west  axis  was  also 
observed.  This  again  indicated  compression  in  a  north-and-south 
direction.  These  movements  do  not  perceptibly  vary  with  tem- 
perature changes. 

In  a  granite  gneiss  quarry  at  Waterford,  Conn.,  where  drill  holes 
were  made  very  near  each  other,  the  intervening  parts  of  rock  were 
often  crushed,  and,  by  expansion  of  the  rock,  the  drill  was  so  pinched 
that  it  could  not  be  operated.  The  compressive  force  was  in  a 
northeast-and-southwest  direction. 

Evidences  of  compression  were  also  noted  in  quarries  at  Groton, 
Conn. 

The  number  and  distribution  of  these  occiurences  lead  the  author 
to  conclude  that  they  are  due,  not  to  local  or  external  forces  nor  to 
pecuharities  of  composition  or  metamorphism  of  the  rock  mass  itself, 
but  to  *'  the  contihued  action  of  the  same  geological  power  which  has 
been  the  chief  agency  in  the  elevation  of  continents  and  mountain 
systems."  He  Ukens  these  fractures  and  movements  to  earthquake 
shocks  on  a  small  scale.  The  tendency  toward  a  north-and-south 
direction  of  compressive  stress  points  to  a  great  continental  stress  in 
this  direction.  The  gentle  undulations  that  may  be  noted  in  the 
alternate  elevation  and  subsidence  of  the  Atlantic  coast  from  Green- 
land to  Florida  are  in  his  opinion  the  evidence  of  slight  foldings  result- 
ing from  this  compression. 

Gilbert  ^  discovered  several  postglacial  anticlinal  ridges  in  the  hori- 
zontal limestones  of  Jefferson  County,  N.  Y.,  and  in  the  slates  near 

a  Oilbert,  G.  K..  An  aooount  of  some  new  geologic  wrinkles:  Am.  Jour.  Sci.,  3d  ser.,  vol.  82, 1886,  p.  324. 
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Dunkirky  in  western  New  York.  He  attributed  the  expansion  th&t 
caused  such  arching  to  the  wanning  up  of  the  surface  rocks  as  they 
recovered  from  the  cold  of  the  glacial  period. 

Strahan  ^  describes  what  he  terms  ''explosive  slickensides"  in  ob- 
tain lead  mines  of  Derbyshire,  England.  The  walls  of  the  lead  veins 
are  rubbed  and  polished  as  though  moved  while  in  violent  contact. 
When  struck  or  scratched  ¥rith  a  pick  the  wall  in  many  places  will 
break  or  explode  with  violence,  throwing  blocks  to  a  considerable 
distance.  Undercutting  of  the  vein  wall  has  the  same  effect.  His 
conclusion  is  as  follows:  ''The  explanation  which  perhaps  best  satis- 
fies the  requirements  of  the  problem  appears  to  be  that  the  spars  are 
in  a  state  of  molecular  strain,  resembling  that  of  the  Rupert's  drop, 
or  of  tempered  glass,  and  that  this  condition  of  strain  is  the  result  of 
the  earth  movements  which  produced  the  sUckensides." 

Hughes  ^  refers  to  similar  phenomena  in  a  limestone  quarry  at 
Dent  Head,  and  a  tmmel  at  Ribble  Head,  in  Yorkshire,  England.  He 
attributes  the  fracturing  to  the  fact  that  the  limestone  rested  oq 
shale.  When  an  excavation  was  made  leaving  only  a  thin  layer  of 
limestone  over  the  shale,  the  weight  of  the  overlying  limestone  on 
either  side  was  sufficient  to  cause  the  shale  to  flow,  after  the  maimer 
of  a  viscous  fluid,  toward  the  region  of  reduced  pressure.  This  caused 
the  rock  to  arch  up  in  the  bottom  of  the  quarry.  When  the  brittle 
rock  was  thus  arched  it  would  break  and  fly  when  further  excavation 
was  attempted. 

Oresley^  describes  explosive  fracturing  of  coal  in  the  mines  of 
South  Staffordshire,  England.  The  explosions  are  termed  "bumps," 
and  are  said  to  be  of  frequent  occurrence  during  the  process  of  exca- 
vation, causing  many  tons  of  coal  to  fall  down  at  the  working  face. 
Various  subterranean  rumbUngs  have  also  been  noted.  He  attrib- 
utes such  phenomena  to  "the  upsetting  by  the  excavation  of  the 
equihbrium  of  the  strains  or  pressure  holding  everything  fast  and 
firm  together — the  removal  of  the  support,  theffeby  causing  the  rocks 
to  get  reUef  and  to  fly  off  or  apparently  to  explode."  He  terms  such 
explosions  as  "miniature  earthquakes." 

Cramer  '^  describes  an  interesting  anticlinal  uplift  in  the  bed  of  the 
Lower  Fox  River  near  Appleton,  Wis.,  which  took  place  immediately 
beneath  a  long  stone  mill,  resulting  in  an  arching  of  the  floor  and 
roof  with  consequent  displacement  of  machinery  and  cracking  of  the 
walls.  Two  miles  distant,  at  Kaukauna,  Wis.,  the  rock  between 
two  parallel  joints  30  feet  apart  became  arched  as  a  result  of  com- 
pressive stresses.     The  rock  in  a  zone  about  2  feet  wide  on  each  side 

a  strahan,  Aubrey,  On  explosive  slidEensides.    Oeol.  Mag.,  yol.  4,  Dec.  3, 1S87,  p.  400l 
6  Ilughes,  T.  McK.,  Bursting  rock  surfaces,  OeoL  Mag.,  vol.  4,  I>ea  3, 1887,  p.  511. 
e  Greeley,  W.  S.,  Re  '<  Explosive  slickensides:"  Oeol.  Mag.,  voL  4,  Deo.  3, 1887,  p.  522. 
d  Cramer,  Frank,  On  recent  rock  flexure:  Amer.  Joor.  So!.,  ser.  8,  tqL  88, 18B0,  p.  230. 
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of  the  joints  was  splintered  by  the  pressure.  No  explanation  is  pre- 
sented, though  the  author  refers  to  Gilbert's  suggestion  that  such 
phenomena  may  be  due  to  expansion  caused  by  a  rise  in  temperature 
after  the  disappearance  of  ice  from  glacial  regions. 

Beade  ^  discusses  various  references  to  strain.  He  cites  many  in- 
stances of  recent  changes  of  level  in  the  surface  of  the  earth  and  con- 
cludes that  from  'Hhe  prevalence  of  these  vertical  movements  in 
recent  geologic  times  it  is  obvious  that  the  subsidence  of  a  low  arch 
of  elevation  must  tend  to  put  the  surface  rocks  into  lateral  com- 
pression.'' This  state  of  compression  may  be  influenced  by  the 
presence  of  joints  and  faults.  The  fact  that  conditions  of  lateral 
compression  are  recorded  as  unusual  raises  a  strong  presumption 
that  tangential  thrust  arising  from  a  shrinkage  of  the  earth's  nucleus 
is  not  the  agent.  He  concludes  therefore  that  the  phenomena  are  due 
to  the  changes  of  level  mentioned  above. 

A  more  complete  examination  of  the  anticlinal  arch  at  Appleton, 
Wis.,  was  obtained  when  the  water  was  removed  from  part  of  it  and  a 
further  description  was  given  by  Cramer*  in  1891.  He  records 
several  other  instances  of  strain  breaks  in  quarries  of  that  vicinity. 
The  direction  of  fracturing  is  highly  variable,  and  seems  to  be  deter- 
mined rather  by  the  means  of  reUef  than  by  the  preponderance  of 
pressiu'e.  He  concludes  that  the  rock  is  imder  compression  ''in  all 
directions."  A  set  of  anticlinal  ridges  parallel  with  the  strike  of  the 
Comiferous  limestone  beds  at  lime  Rock  in  Genesee  County,  N.  Y., 
are,  however,  attributed  to  rock  collapse  produced  by  solution  and 
removal  of  salt  and  gypsiun  from  the  imderlying  beds. 

Gilbert  ^  describes  anticlinal  ridges  6  to  8  feet  high  in  the  Devonian 
shale  of  Ripley  township,  in  western  New  York.  He  notes  similar 
antidinals  in  the  Devonian  shale  of  northwestern  Ohio  and  in  the 
Trenton  limestone  in  northern  New  York.  He  reiterates  his  former 
contention  that  all  are  to  be  attributed  to  expansion  due  to  post- 
glacial rise  in  temperature. 

Matthew^  describes  numerous  thrust  faults  in  the  slates  near 
St.  John,  New  Brunswick,  the  most  probable  cause  of  which  he  gives 
as  lateral  thrust  from  the  southeast. 

Chalmers  *  describes  nimierous  thrust  faults  in  the  slates  of  south- 
eastern Quebec.    They  all  occur  near  mountains  or  resisting  masses 

a  B«ade,  T.  H.,  The  cause  of  active  compressive  stress  in  rocks  and  recent  rock  flexures:  Amer.  Jour. 
Scl.,  ser.  3,  vol.  41, 1801,  p.  409. 

b  Cnmer,  Frank,  On  the  rock  fracture  at  the  combined  locks  mill,  Appleton,  Wis.:  Am.  Jour.  ScL, 
ser.  3,  vol.  41, 1891,  pp.  432-434. 

c  Gilbert,  G.  K.,  Postglacial  anticlinal  ridges  near  Ripley  and  Caledonia,  N.  Y.:  Am.  Ged.,  vol.  8, 1891, 
pp.  230-231. 

d  Matthew,  G.  F.,  Movements  of  the  earth's  crust  at  St.  John,  New  Brunswick,  in  postglacial  times:  New 
Brunswick  Nat.  Hist.  Soc.  Bull.  12, 1904,  pp.  34-42. 

«  Chalmers,  R.,  R^)ort  on  the  surlace  geology  and  auriferous  deposits  of  southeastern  Quebec:  GeoL 
Survey  of  Can.  Ann.  Rep.,  vol.  10, 1898,  pt.  J,  pp.  9-12. 
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of  rock  and  are  attributed  to  a  pushing  of  the  beds  against  such 
masses,  to  a  sinking  of  the  resisting  masses  by  cooling  and  contrac- 
tion, or  to  both. 

Campbell  ^  has  described  a  fold  in  sandstone  which  he  attributes 
to  processes  of  weathering.  The  increase  in  volume  by  weathering 
causes  a  forcing  apart  of  joints  and  cleavage  fissures.  The  process 
is  assisted  by  thermal  expansion  and  contraction  by  freezing  of 
water  in  the  joints  and  by  the  force  of  growing  roots.  The  cumula- 
tive effect  of  such  forces  in  many  joints  produces  rupture  and  arching 
at  a  point  cf  weakness. 

Beard  ^  intimates  that  gas  escapes  into  coal  mines  as  a  result  of 
earth  movement,  and  in  this  connection  shows  that  many  mine 
explosions  are  contemporaneous  with  earthquake  shocks. 

Woodworth  ^  states  that  thrust  faults  of  recent  date  occurred  near 
Troy,  N.  Y.  He  notes  several  brick  and  stone  structiures  resting  on 
the  rock,  which  are  fractured  and  faulted,  showing  that  faulting  has 
occurred  since  the  structures  were  built.  Similar  faults  were  noted 
in  Rensselaer,  Defreestville,  and  Pumpkin  Hollow.  The  whole  series 
is  attributed  to  a  mountain-building  thrust  similar  to  and  in  the 
same  direction  as  that  which  formed  the  mountains  of  the  region. 
Reference  is  made  also  to  postglacial  faults  in  Quebec,  Massachusetts, 
and  New  Hampshire. 

Dale  ^  describes  a  state  of  compression  in  granite  quarries  of  Waldo, 
Hancock,  Kennebec,  and  Lincoln  Counties,  Me.  He  also  cites  the 
observations  of  Gilbert  at  lithonia,  6a.,  and  reproduces  a  photograph 
of  an  anticlinal  arch  formed  by  compressive  stresses  in  the  granite 
of  this  region.  The  same  author  *  describes  the  arching  of  Vermont 
granite  under  compression.  Under  a  later  date  he  describes^  in 
detail  the  compressive  stresses  in  various  Vermont  granites,  and 
gives  the  direction  of  compression  of  each.  At  Bethel  the  direction 
was  east-west,  at  Barre,  chiefly  north-south,  at  Woodbmy,  northeast- 
southwest,  at  Groton,  in  all  directions,  at  Ryegate,  east-west,  at 
Dummerston,  N.  10°  E.  to  S.  10°  W.  The  effect  of  the  strain  is  to 
close  channels  and  crush  cores  between  drill  holes. 

Van  Horn  ^  refers  to  a  series  of  anticlines  in  the  Chagrin  shales  of 
Cleveland,  Ohio,  which  he  attributes  to  the  increase  in  volimie  that 
results  when  iron  sulphide  contained  in  the  shales  alters  to  iron 
sulphate  and  alum-like  compounds. 

a  Campbell,  D.  F.,  Hock  folds  due  to  weathering:  Jour.  Oeol.,  vol.  14, 1906,  pp.  718-721. 

b  Beard,  J.  T.,  CoUiery  explosions  and  their  causes:  Eng.  and  MIn.  Jour.,  vol.  83, 1907,  pp.  1061^55. 

«  Woodworth,  J.  B.,  Postglacial  faults  of  eastern  New  York:  New  York  State  Museum  Bull.  107, 1907, 

pp.  5-28. 

d  Dale,  T.  N.,  The  granites  of  Maine:  U.  S.  Qeol.  Survey  Bull.  313, 1007,  pp.  34,  42, 121, 142. 

t  Dale,  T.  N.,  Chiet  oommflrcial  granites  of  Massachusetts:  U.  S.  Oeol.  Survey  Bull.  354, 1906,  p.  2S,  B. 

/  Dale,  T.  N.,  The  granites  oi  Vermont:  U.  S.  Geol.  Survey  BulL  404, 1910,  pp.  17-18. 

g  Van  Horn,  F.  R.,  Local  anticlines  in  the  Chagrin  shales  at  Ctoveland,  Ohio:  GeoL  Soo.  Am.  Bull.,  vol. 
21,  1910,  pp.  771-773. 
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Lawson  ^  describes  a  series  of  postglacial  thrast  faults  in  Archean 
slates  near  Banning,  Ont.  He  attributes  these  and  similar  thrust 
faults  to  volume  change  in  the  surface  rocks  brought  about  by 
chemical  or  temperature  changes. 

EXAMPLES  OF  STRAIN  PHBNOKBNA  OBSERVED  IN  FIELD  WORK. 

Other  examples  of  strain  phenomena  noted  by  the  writer  during 
the  field  season  of  1914  are  described  below. 

In  a  quarry  near  Enoxville,  Tenn.^  the  strike  of  the  marble  beds 
is  N.  55^  E.,  and  the  dip  35"*  to  40"*  SE.  Slip  joints  appear  par- 
allel or  nearly  parallel  with  the  bedding.  In  certain  parts  of  the 
quarry  zones  of  parallel  joints  run  N.  40°  to  60°  W.  The  rook  is 
subjected  to  a  severe  compressive  stress  approximately  parallel  with 
the  strike.  Great  difiBiculty  is  experienced  in  separating  the  blocks 
without  irregular  fractures.  Much  valuable  stone  is  lost  by  frac- 
turing into  angular  pieces  during  the  process  of  quarrying.  A  dis- 
tinct though  small  earthquake  shock  is  reported  by  a  quarryman  to 
have  occurred  a  few  years  ago  within  half  a  mile  of  this  quarry. 
This  was  probably  only  another  manifestation  of  the  condition  of 
strain  within  the  rock.  In  this  instance  it  exceeded  the  elastic  limit, 
and  sudden  fracture  and  displacement  occurred. 

A  blue-marble  quarry  situated  about  a  mile  and  a  half  north  of 
Florence,  Vt.,  has  had  some  trouble  with  strain  breaks  though  no 
details  were  procurable.  Other  quarries  near  the  same  locality  have 
suffered  severely  from  the  same  cause.  One  quarry  was  abandoned 
because  the  strain  breaks  destroyed  so  much  rock  that  excavation 
could  not  be  conducted  with  profit.  The  rock  is  above  the  average 
in  soundness,  masses  35  feet  in  length  having  been  quarried  for 
columns. 

A  quarry  near  Clarendon,  Vt.,  had  to  be  abandoned  on  account  of 
excessive  strain  breaks.  When  the  author  visited  the  quarry  the 
pit  was  full  of  water.  The  structure  as  described  by  Dale  *  is  as 
follows:  The  beds  strike  N.  W  W.  and  dip  42°  W.  At  least  one  bed 
is  crossed  by  a  sUp  cleavage.  Joints  strike  N.  35°  W.,  and  dip  45° 
to  55°  W.  The  rock  has  a  distinct  rift  parallel  with 'the  bedding. 
When  an  opening  of  considerable  depth  was  made  near  the  eastern 
end  of  the  excavation  a  violent  fracture  occurred  which  shook  houses 
in  the  vicinity  and  frightened  the  workmen  so  that  they  could  not  be 
induced  to  reenter  the  pit  for  several  days.  The  fractures  took  place 
toward  the  west  and  thus  ran  downward  on  the  rift,  destroying  the 
rock  to  such  an  extent  that  the  pit  was  abandoned. 

a  iMwaaHf  A.  C,  On  some  postglacial  Daults  near  Banning,  Ont.;  Seism.  Boc.  Amer.  BuIL,  vol.  1,  Decem- 
ber, 1911,  p.  159. 
b  Dale,  T.  N.,  The  oommerclal  marbles  of  western  Vermont:  U.  S.  QeoL  Survey  BuU.  £21, 1912,  p.  112. 
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A  quarry  not  far  distant  was  affected  by  similar,  though  less  exten- 
sive, strain  breaks.  In  this  quarry  the  beds  strike  N.  65^  to  60^  K, 
and  dip  25**  N.  33°  W.  They  are  crossed  by  cleavage  dipping  25°  E. 
The  direction  of  strain  was  not  ascertained. 

The  granite  at  Vinal  Haven,  Me.,  lies  in  sheets  2  to  5  feet  thick. 
Vertical  joints  are  rare.  In  quarrying  out  a  floor  it  has  been  found 
that  if  all  material  is  removed  from  the  upper  surface  of  a  sheet  3  feet 
thick  and  50  feet  long,  the  sheet  will  arch  at  least  three-fourths  of  an 
inch  in  the  center.  When  one  end  is  set  free  by  channeling  it  will 
settle  back  into  its  original  position. 

In  a  quarry  near  Woodbury  Center,  Vt.,  a  condition  of  strm 
resulted  in  a  minor  accident.  The  projection  of  a  row  of  horizontal 
drill  holes  formed  a  plane  of  weakness,  and  owing  to  internal  strain 
a  mass  of  rock  broke  lose  and  struck  a  driller's  hand  with  sufl5icient 
force  to  cause  a  flesh  wound. 

At  Stonington,  Me.,  in  certain  granite  quarries  the  channel-bar 
method  can  not  be  employed  to  obtain  a  heading,  as  when  holes  are 
drilled  close  together  the  strain  is  sufficient  to  crush  the  parts  of 
rock  between  the  holes  and  to  jam  the  drills.  To  avoid  this  difficulty 
a  2-foot  channel  is  made  by  drilling  and  blasting.  It  is  stated  that 
when  a  mass  of  rock  50  feet  long  is  set  free  at  one  end  it  will  stretch 
three-foiurths  of  an  inch. 

At  lithonia,  6a.,  the  granite  forms  anticlinal  arches  by  compr^- 
sion.    One  of  these  arches  observed  by  the  author  was  about  30  feet 
across  and  was  raised  so  as  to  leave  an  open  space  beneath  about  14  . 
inches  high. 

GBNBBAL  ANALYSIS  OF  STRAIN  BBBAKS  BECOBDED. 

An  analysis  of  all  the  examples  noted  and  the  explanations  given 
by  various  authors  points  to  the  conclusion  that  by  far  the  greater 
majority  of  all  serious  strain  breaks  in  quarries  are  in  reality  minor 
earthquakes  and  must  therefore  be  attributed  to  the  same  causes 
«s  earthquakes.  The  case  recorded  above  of  a  strain  break  in  a 
Vermont  marble  quarry  of  such  intensity  that  it  shook  structures 
in  the  immediate  vicinity  is  a  striking  example  of  the  identity  of 
strain  breaks  with  earthquakes. 

It  seems  probable  that  strain  breaks  in  general  are  not  to  be 
attributed  to  local  causes  but  to  great  and  far-reaching  forces. 
Most  of  the  explanations  given  above  are  in  accordance  with  this 
hypothesis.     Explanations  opposed  to  the  hypothesis  are  as  follows: 

Both  Gilbert  and  Lawson  give  as  a  probable  explanation  a  rise  in 
temperature  following  the  removal  of  glacial  ice.  Although  this  is  a 
possible  cause,  and  may  be  contributory,  its  acceptance  as  the 
chief  cause  is  discouraged  by  the  fact  that  in  regions  in  Georgia  and 
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Tennessee  that  are  beyond  the  limits  of  glaciation  are  strain  breaks 
seemingly  similar  to  those  in  New  England. 

Hughes's  theory  of  rock  flowage  in  a  plastic  layer  beneath  a  lime- 
stone bed  is  of  local  application  only,  as  in  most  stone  quarries  no 
such  plastic  layer  exists. 

•    Cramer's  theory  of  displacement  by  collapse  due  to  subterranean 
solution- is  also  of  local  appUcation  only. 

The  hypotheses  of  Campbell,  of  Lawson,  and  of  Van  Horn  that 
buckling  is  due  to  expansion  as  a  result  of  the  chemical  or  physical 
changes  which  accompany  weathering  may  apply  to  a  few  localized 
superficial  strains,  but  not  to  a  condition  of  strain  at  depth. 

In  addition  to  the  hypotheses  mentioned  above  it  seems  probable 
that  temperature  changes  may  cause  local  expansion  of  rock,  as  for 
example  the  arching  of  granite,  which  has  been  noted  at  lithonia, 
Ga.  Merrill  ^  refers  to  the  results  of  tests  made  at  the  Water- 
town  Arsenal  which  indicate  that  rocks  do  not  completely  recover 
after  expansion,  but  assume  a  permanent  ^^set."  Repeated  expan- 
sions and  contractions  by  diurnal  or  seasonal  changes  in  temperature 
may  therefore  cause  a  gradual  expansion  of  surface  layers  with  con- 
sequent arching.  Changes  of  temperature  are  slight  at  a  short 
distance  beneath  the  surface,  and  consequently  it  is  unlikely  that  a 
state  of  compression  deep  within  quarries  can  be  attributed  to  this 
cause. 

All  the  other  explanations  offered  in  the  preceding  pages  have  a 
more  or  less  direct  bearing  on  the  theory  that  the  majority  of  strain 
breaks  are  due  to  the  great  forces  of  nature  that  build  mountains 
and  continents,  and  produce  earthquakes. 

Dale  ^  states  that  the  cause  of  the  strain  observed  in  certain  eastern 
Tennessee  marble  quarries  is  the  same  as  that  which  produced  the 
Appalachian  folds,  and  which  operated  both  parallel  and  at  right 
angles  to  the  axes  of  the  folds,  the  former  only  being  operative  at 
present. 

BBLATION  OF  XABTHQUAKSS  TO  STRAIN  BREAKS. 

Milne  ^  divides  earthquakes  into  two  groups,  the  macroseismic  or 
great  disturbances,  and  the  microseismic  or  minor  shocks.  The  lat- 
ter are  described  as  ''settlements  and  adjustments  along  lines  of  their 
(the  greater  earthquake's)  primary  fractures/'  and  are  confined  to 
areas  of  a  few  miles'  radius.  He  estimates  the  number  of  the  latter 
as  at  least  30,000  a  year  for  the  entire  earth. 

Hobbs  ^  has  pointed  out  that  constant  adjustments  and  changes 
of  level  are  taking  place  in  the  earth's  crust,  as  evidenced  by  post- 

a  Merrill,  O.  P.,  Stones  for  building  and  deooiation,  1903,  p.  478. 

f>  Dale,  T.  N.,  The  marbles  of  eastern  Tennessee,  unpublished  manuscript. 

e  Kilne,  J.,  Seismological  observations  and  earth  physics:  Qeog.  Jour.,  vol.  21, 1903,  p.  1. 

d  Hobbs,  W.  H.,  Earthqiiakes,  1907,  pp.  211-223. 
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glacial  faults  and  known  variations  in  altitude  of  certain  geographic 
areaS;  with  respect  to  sea  level.  Such  gradual  changes  are  termed 
'^bradysisms."  He  refers  to  the  common  occurrence  of  subter- 
ranean rumblings,  ''brontidi/'  which  are  not  accompanied  by  sensible 
earthquake  shocks.  These  are  attributed  to  slow  adjustments  of  the 
earth's  crust,  such  adjustments  taking  place  as  frequently  repeateil 
slight  displacements  rather  than  as  gradual  movements. 

Chamberlain  "  claims  that  the  earth  acts  like  an  elastic,  rigid,  crys- 
talline body  in  which  strains  accimiulate  until  they  reach  an  intensive 
stage,  and  then  yield  either  to  slow  movements  of  great  magnitude, 
as  illustrated  by  various  changes  in  level,  or  by  sudden,  swift,  non- 
continuous  movements  of  less  magnitude,  as  earthquakes. 

Gilbert  ^  states  that  earthquakes  are  of  two  types,  as  follows:  (1) 
The  tectonic,  those  arising  from  subterranean  mountain  building 
forces,  and  (2)  the  volcanic,  those  resulting  from  the  movements  of 
lavas.  The  former  are  the  more  important,  especially  in  the  United 
States.     The  tectonic  process  is  briefly  described  by  him  as  follows: 

In  the  fonnation  of  mountaixis  and  other  great  features  of  the  earth  the  rock  masses 
are  forced  into  new  shapes.  They  are  pulled,  pushed,  twisted,  and  bent,  so  that 
strata,  for  example,  which  were  originally  flat,  become  inclined  and  curved.  If  the 
changes  are  sufficiently  slow,  the  component  particles  of  the  rock  readjust  themselves 
gradually;  but  if  the  changes  are  comparatively  rapid,  the  rocks  are  broken.  Before 
fracture  occurs  there  is  elastic  yielding  or  ''strain;  *'  that  is,  the  rock  is  compressed  or 
stretched  or  bent  somewhat  like  a  spring;  and  when  its  strength  is  at  last  overcome 
the  dissevered  parts  recoil.  This  recoil  is  instantaneous,  violent,  and  powerful,  and 
is  in  the  nature  of  a  jar. 

As  a  result  of  observations  of  earthquakes  in  Panama,  MacDonald  ^ 
concludes  that  they  are  manifestations  of  relief  from  strain.  The 
noises  resembling  ice  fractures  on  a  cold  morning  appeared  to  be 
''due  to  the  formation  of  smaU  shears  or  strain-relieving  cracks  in 
the  rocks." 

OBIOIN  OF  THE  STBESSBS. 

Deformation  of  the  earth's  crust  is  constantly  taking  place.  Acting 
under  the  force  of  gravity  the  earth's  shell  suffers  collapse  and  buck- 
ling. According  to  the  isostatic  hypothesis  it  is  assumed  that  the 
continents  with  their  plateaus  and  mountains  are  composed  of  and 
deeply  underlaid  by  hghter  matter  than  the  sea  bottoms  and  there- 
fore stand  higher  because  they  float  higher.  A  variation  in  load  due 
to  erosion  and  deposition  causes  an  undercurrent  or  flow  of  rock 
material  from  the  area  loaded  toward  the  area  denuded.  Opposed  to 
the  isostatic  theory  is  that  of  high  rigidity  within  the  earth's  crust, 

a  Chamberlain,  T.  C,  DIastrophism  and  the  fonnative  processes:  Jour.  Oeol.,  vol.  21,  November-Deceiii- 
ber,  1913,p.  681. 

b  Gilbert,  O.K.,  The  cause  and  nature  of  earthquakes:  MIn.  Bci.  Press,  yot  02,  April  38, 1006,  p.  272. 

e  MacDonald,  D.  F.,  Som^  earthquake  phenomena  noted  in  Panama:  Science,  new  series,  vol.  41,  Hay, 
1015,  p.  783. 
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a  rigidity  sufficient  to  sustain  mountains  and  continents  in  higher 
position  than  sea  bottoms  merely  by  lateral  thrust. 

According  to  the  former  hypothesis  the  flow  of  rock  from  one  point 
to  another  is  resisted  by  rock  rigidity,  and  a  condition  of  internal 
strain  results.  Button  ^  states  that  one  of  the  probable  causes  of 
many  earthquakes  is  the  tendency  of  the  earth  to  recover  its  isostatic 
equilibrium  when,  by  denudation,  transportation,  and  deposition  of 
vast  masses  of  material,  this  condition  of  equilibrium  is  destroyed. 
The  theory  of  high  rigidity,  on  the  other  hand,  assumes  that  thrust 
rather  than  flow  causes  internal  strain.  Whatever  may  be  the  cor- 
rect theory  the  fact  remains  that  changes  of  level  are  of  constant 
occurrence,  and  strains  varying  in  intensity  and  direction  are  the 
result  of  such  adjustments. 

ACTION  OF  BOCKS  XJNDEB  STRESSES. 

In  order  to  describe  the  behavior  of  rocks  imder  stress  some  princi- 
ples of  earth  physics  must  be  emphasized.  Hoskins  ^  states  that 
'*a  body  is  strained  when  the  relative  positions  of  its  particles  undergo 
any  change."  If  the  limit  of  elasticity  is  exceeded,  the  change  will 
become  permanent — that  is,  the  body  will  not  assume  its  original 
form  when  the  force  is  removed.  This  permanent  change  of  form 
may  find  expression  in  fracture  or  in  flowage,  depending  upon  plas- 
ticity. If  fracture  results,  earthquakes  of  greater  or  lesser  intensity 
are  produced. 

When  plasticity  overcomes  elasticity  flowage  wiU  take  place  rather 
than  fracture.  This  condition  is  illustrated  by  the  somewhat  intri- 
cate folding  in  many  mountainous  regions.  Chamberlain  ^  has  shown 
that  deformation  having  the  aspect  of  plastic  deformation  may  take 
place  by  a  process  of  granulation  and  progressive  recrystaJlization. 
Such  a  process  undoubtedly  does  take  place  in  marble,  as  evidenced 
by  the  extreme  recrystaUization. 

The  matter  of  supreme  importance  in  this  discussion  is,  however, 
the  state  and  action  of  the  rock  under  stress  within  the  elastic  limit. 
If  the  limit  of  elasticity  has  not  been  exceeded  the  body  will  recover 
its  natural  configuration  when  the  stress  is  removed.  That  rocks 
are  both  compressible  and  highly  elastic  has  been  clearly  shown  by 
the  numerous  examples  of  automatic  recovery  from  strain  referred 
to  in  previous  pages,  and  has  been  proven  in  the  laboratory  by  the 
experiments  of  Adams  and  Coker.**  A  condition  of  strain  within  the 
elastic  limit  is  that  condition  which  quarrymen  caU  ''strain.'^     The 

aDutton,  C.  E.,  Earthquakes,  1904,  p.  37. 

b  Hoskins,  L.  1£.,  Flow  and  fracture  of  rocks  as  related  to  structure:  Sixteenth  Ann.  Rept.  U.  S.  Geol. 
Survey,  pt.  1, 1896,  p.  860. 

c  Chamberlain,  T.  C,  Diastrophism  and  the  formative  processes:  Jour.  Geol.,  vol.  21,  26,  p.  678. 

d  Adams,  F.  I).,  and  Coker,  £.  G.,  An  investigation  into  the  elastic  constants  of  rocks,  more  especially 
with  nference  to  cubic  compressibility:  Carnegie  Inst.,  Wash.,  Pub.  46,  1906,  p.  16. 
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latter  term  includes  also  aU  permanent  deformations.  For  the  sake 
of  simplicity  the  term  ''strain"  is  subsequently  used  in  the  sense 
of  strain  within  the  elastic  limit.  This  is  the  condition  of  rock 
masses  that  has  led  to  such  disastrous  losses  in  many  marble  quarries. 

The  exact  relation  of  elasticity  to  plasticity  of  rocks  under  varying 
conditions  has  a  direct  bearing  on  the  permanence  of  strain.  Budzki  ^ 
states  that  the  elastic  force  with  which  a  body  resists  a  deforming 
force  diminishes  with  time.  Hobbs  ^  in  applying  this  principle  to 
rock  folds  concludes  that  the  period  of  time  covered  by  the  evolution 
of  a  fold  may  be  sufficiently  long  to  permit  the  resistance  within  the 
mass  to  fall.  If  this  conclusion  is  correct,  we  may  expect  that  after 
a  great  lapse  of  time  plasticity  will  overcome  elasticity  and  equilib- 
rium will  be  attained  by  folding  without  fracture.  Folding  may  thus 
take  place  within  what  is  usuaUy  termed  the  zone  of  fracture  if  the 
process  is  sufficiently  gradual.  If,  however,  nature's  process  hastens 
the  operation  beyond  a  certain  ''speed  limit,"  fracture  must  result. 

Thus  it  would  appear  that  after  a  tremendous  lapse  of  time  per- 
manent deformation  may  take  the  place  of  strain,  and  a  state  of 
perfect  equiUbrium  be  attained.  No  strain  breaks  would  occur  in 
quarries  situated  in  such  masses.  It  might  be  concluded  that 
marble  deposits  that  have  not  visibly  suffered  mountain-building 
movements  since  Cambrian  or  other  early  geologic  age  would  have 
attained  such  a  state  of  rest,  and  would  therefore  be  free  from  strain. 

It  is  possible  that  strain  is  more  conmion  in  regions  where  intense 
folding  is  of  comparatively  recent  age.  The  examples  of  destructive 
strain  in  marble  so  far  observed  are  all  to  be  found  in  the  Appalachian 
belt,  which  was  folded  toward  the  end  of  the  Paleozoic  era.  No  hard 
and  fast  rule  can  be  given,  however,  because,  as  already  pointed  out, 
ever- varying  earth  movements  may  cause  internal  stresses  anywhere 
and  at  any  time. 

Rudzki's  principle  further  states  that  temperature  has  a  decided 
influence  on  plasticity,  an  increase  in  temperature  resulting  in  a  corre- 
sponding increase  in  plasticity.  The  effect  of  overburden  is  to  in- 
crease the  temperature  and  therefore  to  increase  the  plasticity. 
Denudation  lowers  the  temperature,  decreases  the  plasticity,  and 
therefore  increases  the  tendency  to  fracturing  rather  than  to  de- 
formation by  flowage.  In  surface  rocks,  consequently,  the  relaxa- 
tion time  is  great,  and  a  condition  of  strain  may  exist  ages  after  the 
initial  force  has  been  exerted  if  the  force  tending  toward  deformation 
has  remained  constant. 

The  foregoing  discussion  indicates  that  a  strain  may  be  inherited 
from  a  former  geologic  era,  possibly  accounting  for  a  condition  of 

aRudzki,  M.  P.,  PhysOc  der  Erde,  Leipzig,  1911,  pp.  232-233. 

b  Hobbs,  W.  H.,  Kecbanlcs  of  formation  of  arcuate  mountains:  Jour.  Geol.  vol.  22, 1914^  pp.  193-194. 
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strain  in  some  isolated  rock  hills  to  which  it  seems  impossible  to 
some  scientists  that  present  forces  can  transmit  their  effects.  It  is 
conceivable  also  that  rocks  now  at  the  surface  were  formerly  deeply 
buried  and  subjected  to  such  intense  pressure  from  superincumbent 
material  that  iJiey  were  forced  to  assimie  a  smaller  volume.  Proc- 
esses of  denudation  gradually  brought  these  masses  nearer  to  the 
surface^  where  the  residual  strain  might  find  expression  in  shock 
fracture,  or  where  a  means  of  relief  in  the  form  of  strain  breaks  was 
obtained  through  quarry  operations. 

THB  LIMZTATIONS  OF  STBAIN. 

As  these  forces  are  so  far-reaching  and  constant,  it  might  be 
expected  that  strains  would  be  almost  universal.  One  explanation 
that  they  are  not  is  the  limited  cubic  compressibihty  of  rocks. 
When  strain  in  a  granite  is  relieved,  an  expansion  of  three-fourths 
of  an  inch  over  a  length  of  50  feet  is  perhaps  a  fair  illustration  of  the 
compression  possible  without  rupture.  It  is  evident,  therefore,  that 
little  lateral  movement  is  required  to  bring  rehef.  Most  rocks  are 
intersected  by  joint  planes,  which  permit  the  necessary  movement  to 
give  relief  from'  pressure.  It  is  significant  that  quarries  having  con- 
siderable unsoundness  have  little  or  no  strain.  There  is,  therefore, 
some  consolation  in  the  fact  that  these  two  great  evils  are  not  likely 
to  occur  in  the  same  quarry. 

Strain  in  one  direction  only  has  been  noted  in  a  number  of  localities. 
In  some  places  the  great  earth  stresses  may  be  in  one  direction  only. 
In  others  it  seems  probable  that  strain  is  produced  because  rocks  can 
find  no  relief  in  one  direction,  but  are  free  in  aU  other  directions. 
It  is  significant  that  as  regards  most  rocks  having  a  steep  dip,  the 
stridn  is  parallel  with  the  strike  and  no  strain  is  apparent  across  the 
strike.**  A  slipping  of  the  beds  one  upon  another  may  give  the 
necessary  relief  in  the  transverse  direction,  whereas  parallel  with  the 
strike  the  absence  of  joints  or  planes  of  weakness  may  afford  no 
such  slipping.  In  a  Tennessee  quarry  the  strain  is  approximately 
parallel  with  the  strike  and  there  is  evidence  of  slipping  parallel  with 
the  beds,  which  gives  the  necessary  relief  in  the  transverse  direction. 

EFFECT  OF  QUAREYINa  ON  STBAIN. 

In  quarries  in  which  strain  exists  the  internal  strain-stress  rela- 
tions may  be  complex.  Various  forces  are  acting  and  reacting,  and 
their  total  result  is  a  condition  approximating  equilibrium.  The 
fact  that  a  condition  of  strain  exists  within  the  limit  of  elasticity 
indicates  that  true  equilibrium  has  not  been  attained.  According  to 
Rudzki's  principle,  the  elastic  resistance  of  the  rock  is  gradually 

a  Dale,  T.  N.,  The  marbles  of  eastern  Tennessee,  unpublished  manuscript. 
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diminiahing  and  slow  permanent  deformation  is  constantly  going  on. 
As  a  result  of  excavation  the  approximate  equilibrium  is  thrown  out 
of  balance  locally.  If  we  could  imagine  all  stresses  except  the  down- 
ward force  of  gravity  ceasing  simultaneously,  we  could  conceive  of 
the  strained  rock  recovering  its  natural  configuration  without  rup- 
ture. Even  then  the  realignment  of  particles  in  a  thick  bed  could 
scarcely  take  place  rapidly  without  fracture.  In  the  stone  quarry 
the  conditions  are  more  extreme.  The  strain-stress  relations  are 
disturbed  in  a  limited  region  only. 

Before  excavation  is  begun  a  stress  that  tends  to  deform  the  rock 
is  balanced  by  the  resistance  of  the  rock  plus  the  weight  or  lateral 
pressure  of  other  rock  masses.  YSTien  these  masses  are  removed  the 
resistance  of  the  rock  alone  is  not  suflBicient  to  withstand  the  deform- 
ing stress,  and  fracture  results.  This  is  clearly  illustrated  by  the 
examples  previously  given  of  the  crushing  of  rock  at  the  bottom  of 
channels  in  the  Portland  and  Berea  sandstone  quarries  (pp.  124-125). 
Such  fractures  are  the  result  of  compression. 

Strain  may  manifest  itself  in  other  ways.  At  some  stage  in  the 
process  of  cutting  a  block  of  marble  free  the  support  that  holds  it  in 
compression  may  no  longer  be  sufficient  and  the  block  expands.  As 
it  is  still  rigidly  connected  with  the  main  rock  mass,  which  remains 
under  compression,  no  considerable  expansion  can  take  place  without 
fracturing  between  the  two  masses.  Such  fracturing  may  be  in  the 
nature  of  shearing,  with  an  even  break  between  the  two  masses  and 
lateral  displacement. 

Thus  it  is  estabhshed  by  theory,  which  imf ortunately  has  been  con- 
firmed by  practice  in  many  places,  that  in  quarries  where  strain  exists 
the  successive  separation  of  small  masses  from  the  main  quarry  rock 
generally  results  in  the  formation  of  fractures,  producing  excessive 
waste.  Some  new  method  of  quarrying  must  be  foimd  if  this  waste 
is  to  be  reduced. 

BASIO  PRINCIPLES  LOOKING  TO  REDUCTION  OF  DAMAGE  FROM  STRAINS. 

The  following  basic  principles  looking  to  a  solution  of  the  problem 
have  been  established:  (1)  The  causes  of  strain  are  not  to  be  found 
in  mere  local  conditions  such  as  the  weight  of  a  near-by  hill  or  the 
process  of  surface  weathering.  Strains  are  manifestations  of  the 
great  geologic  forces  that  build  mountains  and  cause  earthquakes. 
(2)  In  every  observed  instance  of  strain  the  rock  has  been  under 
compression.  (3)  The  compression  is  usually  in  one  definite  direc- 
tion. (4)  The  only  way  to  remove  the  strain  is  to  bring  about 
expansion  of  the  rock  to  its  normal  volume.  (5)  If  the  strain  on  a 
small  mass  of  rock  is  relieved,  it  expands  independently  of  the  main 
mass,  with  consequent  fracturing;  therefore  reUef  from  strain  should 
be  sought  for  a  large  mas^  at  one  time. 


STRAIN  BHEAK8  IN  QUABBIES.  137 


The  principles  outlined  indicate  that  some  means  should  be  found 
to  cause  uniform  expansion  of  a  large  mass  of  rock  at  one  time  in 
such  a  manner  as  to  reduce  to  a  minimum  the  occurrence  of  irregular 
fractures  between  the  mass  set  free  and  the  main  quarry  rock. 
When  the  strain  has  been  relieved  the  mass  can  be  quarried  without 
fear  of  fractures.  The  jBrst  step  to  be  made  in  quarrying  rock  imder 
strain  is  to  determine  the  direction  of  compression.  In  most  instances 
quarrying  will  already  have  been  done,  as  otherwise  the  condition  of 
strain  will  not  have  been  revealed.  It  is  usually  easy  to  detemune 
the  direction  of  compression  by  noting  the  direction  of  movement 
of  the  loosened  blocks  with  reference  to  the  main  mass.  The  lateral 
displacement  of  drill  holes  or  other  marks  will  indicate  the  direction. 

In  order  to  bring  about  the  necessary  relief  an  opening  should  be 
made  at  right  angles  to  the  direction  of  compression.  Expansion  of 
the  rock  will  manifest  itself  by  a  gradual  narrowing  of  this  space, 
and  the  rock  wiU  thereby  find  relief  from  strain.  The  opening  should 
be  of  sufficient  ¥ridth  to  allow  complete  reUef  by  expansion  and  of 
sufficient  length  and  depth  to  free  a  large  mass  of  rock  at  one  time. 

A  channeling  machine  would  probably  give  poor  results,  as  an  open 
cut  gives  too  ready  a  means  of  relief.  The  pressure  would  tend  to 
dose  the  cut  immediately  and  to  jam  the  bits,  and  only  a  small  mass 
of  rock  would  be  freed.  Also  the  opening  should  in  most  instances 
be  deeper  than  a  channeling  machine  can  cut.  Drilling  a  row  of  dose 
holes  would  probably  afford  the  best  means  of  relief.  The  compres- 
sive force  would  gradually  crush  the  rock  remaining  between  the 
drill  holes,  close  up  the  holes,  and  thus  relieve  the  strain.  The  pres- 
ence of  these  supporting  cores  would  prevent  a  too  rapid  closing,  and 
would  thus  allow  uninterrupted  drilling. 

If  the  direction  of  compression  is  parallel  or  approximately  paralld 
with  the  quarry  walls  the  quarryman  is  fortunate.  Rows  of  deep 
vertical  holes  should  be  drilled  along  both  quarry  walls  parallel  with 
this  direction.  The  holes  should  be  deep  enough  to  pass  entirely 
through  the  bed  if  the  latter  is  horizontal  or  nearly  so,  and  if  open 
or  weak  bedding  planes  occur.  In  massive  or  steeply  inclined  beds  the 
holes  should  be  at  least  12  feet,  and  preferably  15  or  20  feet  deep.  Con- 
venient sizes  are  1}  or  2  inches  in  diameter.  The  width  of  rock  inter- 
vening between  the  drill  holes  should  average  not  more  than  1  inch. 

Ydien  the  rows  have  been  completed,  a  row  of  holes  of  similar  depth 
and  spacing  should  be  projected  in  a  line  at  right  angles.  This  third 
row  may  be  placed  at  either  end  of  the  quarry  or  in  some  intermediate 
position.  The  latter  is  probably  more  effective  especially  if  the  com- 
pression is  not  exactly  at  right  angles  to  the  line  of  drill  holes,  as 
motion  in  opposite  directions  in  both  masses  will  afford  a  more  ready 
means  of  the  cores  sUpping  on  each  other. 

16207°— Bull.  106—16 10 
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The  purpose  of  the  two  lines  of  holes  parallel  with  the  direction  of 
compression  is  to  give  an  easy  shear  line  when  expansion  takes  place. 
When  they  are  drilled  before  the  cross  line  of  holes,  no  motion  occnis 
to  jam  the  drills.  If,  however,  they  are  drilled  after  the  cross  line 
the  tendency  of  the  rock  to  oflfset  by  shearing  would  continuaDy 
interfere  with  drilling  operations. 

The  transverse  line  of  holes  should  be  projected  rapidly.  Several 
drills  should  be  employed  in  order  to  complete  the  line  as  nearly  as 
possible  before  any  appreciable  closing  of  the  holes  takes  place. 

Care  should  be  taken  that  no  excessively  wide  cores  are  left  in  the 
comers.  The  holes  should  be  well  cleaned  out  and  covered  in  some 
way  to  keep  out  dfibris.  Tightly  driven  hardwood  plugs  may  t-end 
to  prevent  the  desired  closing  of  the  holes.  Plugs  of  cotton  waste  or 
similar  material  may  be  used. 

Along  the  transverse  line  a  crushing  of  the  cores  and  a  closing  of 
the  drill  holes  will  indicate  expansion  of  the  rock  mass.  There  will 
probably  be  some  lateral  motion,  permitting  the  cores  to  slip  by  each 
other  and  project  into  the  open  holes. 

Along  the  shear  lines  expansion  of  the  rock  will  not  appreciably 
close  the  holes,  but  will  by  lateral  motion  offset  one-half  of  each  hole 
with  respect  to  the  other  half.  The  extent  of  lateral  displacement 
will  diminish  with  distance  from  the  transverse  row  of  holes. 

What  may  occur  at  the  bottom  of  a  mass  of  rock  that  is  thus  per- 
mitted to  expand  is  as  yet  by  no  means  certain.  It  is  possible  that 
fractimng  may  take  place,  and  fractures  so  made  will  tend  to  occupy 
diagonal  positions,  causing  much  waste.  It  is  for  the  pur]>ose  of 
reducing  such  fractures  to  a  minimum  that  deep  holes  are  recom- 
mended. 

If  irregular  bottom  fractures  cause  excessive  waste,  or  if  the  expense 
of  making  deep  holes  is  considered  to  be  too  great,  an  alternate 
method  is  proposed,  as  follows: 

A  narrow  part  of  a  floor  along  one  side  of  the  quarry  parallel  with 
the  direction  of  compression  may  be  first  removed.  The  remainder 
of  the  floor  may  then  be  quarried  as  shown  in  figure  30.  A  row  of 
horizontal  holes  along  the  floor  at  a  should  be  closely  spaced.  A 
similar  line  of  vertical  holes  is  then  projected  at  h.  If  the  direction 
of  compression  is  parallel  or  nearly  parallel  with  the  face,  it  is  probable 
that  a  channel  cut  may  be  substituted  for  this  second  line  of  holes. 
If  now  a  cross  line  of  holes,  c,  is  made  at  either  end  of  the  mass  or  in 
some  intermediate  position,  expansion  will  crush  the  cores  and  close 
the  holes.  Along  the  planes  a  and  h  the  cores  will  break  and  shear. 
Theoretically,  at  least,  no  irregular  fractures  should  occur,  as  an 
even  plane  has  been  provided  on  every  side.  It  is  impossible  to 
foresee  what  disturbing  elements  may  arise,  but  the  method  holds 
sufficient  promise  to  justify  a  trial. 
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If  the  direction  of  compression  is  diagonal  to  the  quarry  wslb,  it 
may  be  necessary  to  change  the  directions  of  channeling  and  drilhng 
in  order  that  they  may  more  nearly  confonn  with  the  strain  hne. 
This  change  wiU  lead  to  a  reduction  in  floor  space  occasioned  by 
leaving  masses  in  the  comers.  When  the  angle  between  the  direction 
of  compression  and  the  direction  of  a  quarry  wall  is  not  more  than 
15°  or  20",  channeling  and  drilling  in  the  usual  directions  will  probably 
be  satisfactory. 


Fiomi  30.— Uethod  aFdrllllng  bolea  Is  avoid  strain  bmta. 

A  STJCCESSFUZ.  EXPSBDCEIIT. 

A  Tennessee  marble  company,  acting  on  the  advicei  of  Mr.  T.  Nelson 
Date,  of  the  United  States  Geological  Survey,  who  visited  the  quarry 
during  the  summer  of  1914,  made  an  effort  to  relieve  strain  by  drilling 
holes  in  accordance  with  the  first  plan  outlined  above.  Although 
defects  were  apparent  in  the  preliminary  trial,  the  great  increase  in 
the  proportion  of  sound  stock  produced  encouraged  a  continuation  of 
the  method.  During  April,  1915,  the  writer  observed  the  progress 
that  had  been  made  up  to  that  time  and  offered  some  suggestions 
toward  further  improving  the  method.  A  complete  description  of 
the  plan  of  drilling,  effect  on  the  rock,  and  of  suggested  changes  in 
method  follows. 
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The  mass  of  rock  under  observation  was  69  feet  long,  20  feet  wide, 
and  1 2  feet  thick.  It  occupied  a  position  along  one  side  of  the  quarry, 
the  remainder  of  the  floor  to  the  northwest  having  already  been  re- 
moved.   Its  position  is  shown  at  il  in  figure  31. 

A  line  of  holes  perpendicular  to  the  supposed  direction  of  compres- 
sion was  first  drilled.  The  holes  were  If  inches  in  diameter,  12  feet 
deep,  and  the  average  core  thickness  between  drill  holes  was  fifteen- 
sixteenths  of  an  inch.  The  direction  of  the  line  was  N.  40^  W.  Theline 
was  20  feet  long,  extending  from  the  comer  of  the  quarry  along  the 


FiouBB  31.-~Plan  of  part  of  a  marble  quairy ,  showing  position  of  a  rock  mass  studied.  A,  rock  mass  vben 
obser^rations  were  made;  a,  position  of  line  of  holes  driven  perpendknilar  to  supposed  direction  of  com- 
pression; bf  position  of  second  line  of  holes  driven  to  give  rock  mass  freedom  to  shear  oo  expanding. 

northeastern  wall  and  terminating  at  the  excavated  part  of  the  floor. 
Its  position  is  indicated  by  a  in  figure  31. 

A  second  line  of  holes  of  similar  depth  and  spacing  was  projected 
along  the  southeastern  wall  of  the  quarry,  as  shown  at  6  in  figure  31. 
The  purpose  of  this  line  of  drill  holes  was  to  give  the  mass  of  rock 
freedom  to  shear  when  it  expanded.  On  account  of  the  difficulty  of 
placing  drills,  holes  were  omitted  for  a  distance  of  10  inches  from  the 
comer  on  the  northeast  wall,  and  6  inches  from  the  comer  on  the 
southeast  wall.  As  indicated  in  figure  32,  a  mass  of  rock  12  inches 
wide  was  left  in  the  comer. 
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Expaodion  of  the  marble  soon  manifested  itself  by  a  crushing  of 
the  cores  and  a  gradual  closing  of  the  drillholes.  The  dosing  did  not 
take  place  uniformly.  Near  the  northwestern  end  of  the  line  it  was 
greatest,  attaining  a  maximum  of  seven-sixteenths  of  an  inch,  which 
gradually  decreased  to  zero  at  the  other  end  of  the  line.  There  were 
88  drill  holes  in  the  20-foot  line.  The  extent  of  closing  as  measured 
at  various  points  was  as  follows: 

Hole  No 1      3      5    10    14    15    17    20    27    36    64    88 

Extent  of  cloBinginthirty.l  12    13    14    14    12    11    10    10      9      6      3      0      * 
seconds  of  an  inch J 

The  appearance  of  the  partly  closed  holes  is  shown  in  Plate  XII,  B, 
The  manner  in  which  expansion  took  place  is  shown  in  figure  32. 
The  cores  were  broken  the  entire  length  of  the  line,  though  the  move- 
ment in  the  last  holes  was  too  slight  to  be  recognizable  with  the  naked 
eye.  Likewise  on  the  perpendicular  line  every  core  was  broken  by 
shearing.  However,  the  mass  in  the  comer  was  unbroken,  as  far  as 
could  be  seen,  and  it  would  therefore  appear  that  this  mass  of  rock, 


FiouBK  33.— S«cond  and  third  drill  holes  from  the  left  end  of  the  line  ihown  In  figure  32,  ilhistrating  the 
mannerinwhich  the  holes  were  dosed  by  compression.  Actual  size  and  shape;  dotted  lines  show  original 
position  of  drill-hole  walls;  soUd  lines  show  position  after  rock  movement. 

which  was  12  inches  in  width,  effectively  prevented  the  major  part 
of  the  mass  to  expand  so  as  to  gain  reUef . 

Figure  33  illustrates  the  second  and  third  drill  holes  in  the  cross 
line  drawn  natural  size.  In  the  lower  part  of  the  sketch  the  light  line 
represents  the  priginal  position  of  the  drill  hole  walls,  and  the  heavy 
line  the  position  of  the  same  walls  subsequent  to  the  expanding  move- 
ment. It  is  evident  that  motion  took  place  in  a  diagonal  direction, 
which  is  undoubtedly  due,  in  part  at  least,  to  a  lateral  slipping  of 
the  cores  in  order  that  they  might  gain  ready  relief  by  projecting  into 
the  open  holes.  Howeveri  the  fact  that  sUpping  took  place  toward 
the  comer  where  a  mass  of  soUd  rock  prevented  any  movement 
would  seem  to  indicate  that  the  direction  of  compression  was  not 
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exactly  perpendicular  to  the  line  of  drill  holes^  but  inclined  at  a  small 
angle  toward  this  comer. 

At  a  later  time  a  channel  cut  was  made  parallel  to  the  jSrst  line  of 
holes  and  69  feet  distant  from  it  as  indicated  in  figure  32.  After  the 
cut  had  been  completed,  the  fact  that  complete  expansion  had  not 
occurred  along  the  first  line  of  drill  holes  became  apparent.  That 
part  of  the  69-foot  mass  that  had  previously  been  unable  to  expand 
eastward  on  account  of  the  uncut  comer  began  to  expand  westward 
and  partly  closed  the  channel  cut.  The  shearing  accompanying  this 
expansion  broke  the  cores  between  the  drill  holes  along  the  entire 
shear  line,  and  the  displacement  gradually  increased  with  the  dis- 
tance from  the  comer. 

Measurements  were  made  of  the  closing  of  the  channel  cut.  Owing 
to  a  shattered  condition  of  the  rock,  measurements  could  not  be 
made  nearer  than  5  feet  to  the  quarry  wall.  At  this  point  the  cut 
was  closed  six  thirty-seconds  of  an  inch,  13  feet  from  the  wall  it 
was  closed  two  thirty-seconds  of  an  inch,  and  18  feet  from  the  wall 
it  was  not  closed  at  all. 

Thus  it  is  evident  that  where  relief  was  gained  along  the  original 
line  of  drill  holes  no  further  relief  was  necessary,  but  where  in  the 
original  line  jio  motion  was  possible  a  backward  motion  took  place 
as  soon  as  a  means  of  relief  was  provided. 

A  considerable  number  of  strain  breaks  are  present  in  this  mass 
of  rock.  It  is  reasonable  to  assume  that  they  were  formed  in  conse- 
quence of  the  nonuniform  and  imperfect  relief  obtained,  as  pointed 
out  above.  The  part  of  the  mass  that  had  been  quarried  previous 
to  the  time  of  the  author's  visit  is  said  to  have  expanded  more 
uniformly  and  was  remarkably  free  from  strain  breaks. 

The  suggestions  following  are  offered  with  a  view  to  improving 
the  method  of  quarrying  already  outlined. 

(1)  If  it  is  impossible  to  complete  a  line  of  drill  holes  in  a  comer, 
the  comer  should  be  cut  across  diagonally  with  a  closely  spaced 
row  of  holes  in  order  that  no  mass  too  great  to  be  crushed  may 
remain. 

(2)  To  avoid  delay  by  jamming  of  the  driUs,  the  shear-line  holes 
should  be  made  first,  as  no  appreciable  movement  of  the  rock  will 
take  place  until  the  cross  line  of  holes  is  projected. 

(3)  If  drilling  costs  seem  to  justify  it,  holes  should  be  more  than 
12  feet  deep,  as  the  object  to  be  continually  kept  in  view  is  to  gain 
uniform  relief  at  one  time  for  as  large  a  mass  of  rock  as  possible. 
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COSTKBKPING. 

BBABINQ  OF  COST  KBBPINO  ON  SBLBCTIOK  OF  1ISTROB8  AND 

lGHINXS. 


In  the  preceding  text  many  different  methods  and  types  of  ma- 
chinery have  been  mentioned.  Certain  general  advantages  or  dis- 
advantages have  been  pointed  out,  but  in  many  instances  no  absolute 
rules  could  be  given  regarding  the  desirability  of  one  over  another. 
In  no  two  quarries  are  conditions  alike.  Variations  in  hardness, 
structure,  texture,  and  rift,  in  bedding  and  attitude,  or  in  unsound- 
ness are  extreme.  The  fact  that  a  day's  channeling  for  one  machine 
varies  in  different  quarries  from  20  to  150  square  feet  is  a  typical 
illustration.  On  this  account  marble  quarrying  if  conducted  effi> 
ciently  must  involve  considerable  experimental  investigation.  A 
quarry  operator  ought  to  ascertain  which  of  certain  methods  or 
machines  are  best  adapted  for  his  peculiar  conditions.  The  results 
of  past  experience  may  enable  satisfactory  selection,  but  often 
experimentation  must  be  adopted.  However,  no  experiments  con- 
vey definite  information  unless  careful  records  of  relative  costs 
are  kept.  Therefore,  cost  keeping  is  a  necessary  part  of  such  experi- 
ments.    It  is  the  yardstick  that  is  used  to  measure  efficiency. 

COMHEBCIAL  KBCOBDS. 

A  certain  amount  of  cost  keeping  is  a  recognized  necessity  for  every 
successful  business.  Accounts  that  balance  general  expense,  pay 
roll,  fuel  and  supplies,  maintenance  and  repairs,  interest,  and  depre- 
ciation against  receipts  from  sales,  and  thus  furnish  a  basis  for  a 
statement  of  loss  and  gain  on  any  transaction  are  what  may  be 
termed  commercial  records.  Practically  all  quarrymen  keep  them 
in  some  form,  though  many  such  systems  ^re  inadequate. 

TECHNICAL  BBCOBBS. 

Another  and  even  more  important  phase  of  accounting  is  that 
dealing  with  detailed  cost  accounts  for  all  operations  in  and  about 
the  quarry — accounts  that  are  kept  to  supply  a  definite  and  accurate 
record  of  the  relative  efficiency  of  men,  methods,  and  machines. 
Such  may  be  termed  technical  records.  They  may  be  in  the  form  of 
production,  time-efficiency,  or  cost  records.  Cost  records  of  each 
operation  may  be  connected  with  commercial  books  by  means  of 
some  suitable  intermediary  accounts,  the  nature  of  which  should  be 
determined  by  a  skilled  accountant. 

BBLATION  OF  TBCHNICAL  BBCOBDS  TO  EFFZCIBNCY. 

Webster  defines  efficiency  as  the  ratio  of  useful  work,  or  of  the 
effect  produced,  to  the  energy  expended  in  producing  it.  The  proc- 
ess of  supplying  the  required  energy  costs  money,  and  thus  from 
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the  economist's  standpoint  efficiency  is  the  measure  of  accomplish- 
ment in  tenns  of  the  cost.  Increased  efficiency,  then,  means  de- 
creased cost  of  production.  Many  books  have  been  written  on  effi- 
ciency, on  the  relation  of  efficiency  to  organization,  system,  wages, 
etc.  It  is  not  within  the  scope  of  this  bulletin  to  enter  into  all  phases 
of  business  efficiency.  An  attempt  is  made  simply  to  point  out  the 
desirability  of  keeping  accurate  and  systematic  records  as  a  means 
of  promoting  efficiency.  Some  suggestions  are  offered  as  to  the  form 
in  which  such  records  may  be  kept.  For  those  who  desire  to  enter 
more  fully  into  a  study  of  commercial  efficiency  many  useful  books 
are  now  available." 

There  is  a  tendency  among  many  quarrymen  to  overestimate  a 
loss  of  actual  cash  and  underesthnate  a  loss  due  to  operating  ineffi- 
ciency, as  the  latter  is  less  tangible.  A  mistake  in  bookkeeping  by 
which  a  workman  is  paid  $2  for  overtime  that  he  did  not  put  in  is 
considered  a  serious  matter.  If,  on  the  other  hand,  by  channeling  a 
cut  instead  of  drilling  and  wedging  it  the  same  man  increases  the 
cost  of  production  of  a  certain  amount  of  marble  by  $10,  the  mistake 
is  overlooked.  To  the  xmobservant,  heavy  losses  due  to  poor  methods 
or  machinery  are  classed  as  necessary  burdens.  Even  the  intelligent 
and  observant  operator  may  place  them  in  the  category  of  necessary 
working  expenses  unless  a  cost  system  reveals  that  they  are  avoidable. 

The  quarryman's  first  object  should  be  to  keep  to  a  minimum  the 
cost  of  each  operation.  It  thus  becomes  his  duty  to  continually 
improve  his  present  methods,  to  devise  more  economical  methods, 
or  to  maintain  a  low  cost  already  realized.  In  order  to  do  this,  it 
has  bemi  stated  that  some  efficient  means  must  be  employed  for  test- 
ing the  various  methods  and  determining  accurately  the  relative 
value  of  each.  A  cost-keeping  system  supplies  this  need.  It  is  a 
tool  for  cutting  down  costs. 

Thus  it  may  be  seen  that  the  highest  efficiency  demands  careful 
technical  records.  It  has  been  asserted  by  one  economic  writer  that 
nine  out  of  every  ten  failures  in  business  are  the  direct  result  of  a  lack 
of  proper  knowledge  of  conditions,  the  deficiency  being  due  to  poor 
bookkeeping  methods,  or  to  none  at  all. 

This  is  an  age  of  competition.  Manufacturers  are  straining  every 
nerve  to  obtain  contracts  and  to  fill  them  at  a  profit.  Many  concerns 
have  an  imcomfortable  feeling  that  progress  and  profits  are  not  as 
satisfactory  as  they  might  be.  Such  concerns  must  realize  that  a 
cause  must  be  definitely  located  and  that  the  deficiency  must  be 
amended  or  other  concerns  will  crowd  them  out.     It  is  obvious  that, 


a  Bee  Church,  A.  H.,  The  proper  distribution  of  expense  burden,  1913, 144  pp.;  Church,  A.  H.,  Pro- 
duction ftictors,  1910, 187  pp.;  Qantt,  H.  L.,  Work,  wages,  and  profits,  1913, 312  pp.;  Emerson,  Harrlng« 
too,  EflBciency,  1912, 254  pp.;  Emerson.  Harrington,  The  twelve  principles  of  efficiency,  1912,  423  pp.; 
and  Carpenter,  C.  XT.,  Profit-making  management,  1908, 146  pp. 
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Other  things  being  e^mal,  the  business  that  is  scientifically  managed^ 
that  can  put  its  finger  on  every  item  of  excessive  cost  and  imme- 
diately direct  energy  toward  a  reduction  of  that  cost,  is  the  business 
that  will  survive  when  others  fail. 

It  is  thought  by  many  that  the  only  function  of  a  cost  system  is  to 
ascertain  the  cost  of  an  article.  They  completely  overlook  the  fact 
that  a  proper  analysis  of  costs  furnishes  a  basis  for  reducing  costs. 

QITAUFICATIONS  OF  SXTPSBINTBNDBNTS. 

Accounts  are  a  measiure  of  performance  but  must  not  be  interpreted 
as  performance  itself.  The  establishment  of  a  good  system  of  tech- 
nical accounting  does  not  assume  increased  technical  efficiency. 
There  must  be  (1)  the  ability  to  interpret  accounts  and  note  wherein 
they  reflect  inefficiency^  and  (2)  the  knowledge  and  originaUty  nec- 
essary to  devise  new  methods  and  equipment.  Such  qualifications 
must  be  met  not  only  by  the  general  manager,  but  by  the  superin- 
tendents as  well.  They  are  closely  in  touch  with  all  operations  and 
control  to  a  large  extent  the  methods  and  equipment  employed. 
The  importance  of  these  requisites  demands  some  elaboration. 

First,  the  superintendent  must  be  master  of  his  accounts.  This 
statement  does  not  mean  that  he  must  be  a  skilled  accountant.  As 
is  shown  later,  the  accounts  involved  are  usually  of  a  simple  nature, 
easily  kept  and  easily  understood.  Some  may  feel  themselv^ 
handicapped  by  a  lack  of  bookkeeping  knowledge.  It  is  a  safe 
assiunption,  however,  that  it  is  much  easier  for  the  technical  man  to 
attain  a  sufficient  mastery  of  accoimts  to  interpret  them,  in  terms  of 
efficiency  than  for  the  accountant  to  acquire  technical  knowledge. 
A  premium  should  therefore  be  placed  on  foremen  and  superintendents 
who  have  in  addition  to  their  technical  training  a  knowledge  of 
mathematics  and  bookkeeping  or  the  ability  to  assimilate  the  nec- 
essary knowledge  of  these  subjects.  That  some  operators  employ 
foremen  who  can  not  read  or  write  is  almost  incredible  in  this  age  of 
ever-increasing  commercial  efficiency,  but  it  must  be  accepted  as  a 
fact.  It  is  also  a  fact  that  some  such  quarries  are  not  operating 
at  a  profit. 

Second,  the  superintendent  should  have  wide  knowledge  and 
originality.  The  ability  to  analyze  and  interpret  costs  is  of  limited 
value  without  a  wide  knowledge  of  ways  and  means  of  bettering 
conditions.  He  must  know  of  methods  and  equipment  used  else- 
where or  be  able  on  occasion  to  devise  absolutely  new  ones.  The 
previous  discussion  of  quarry  and  shop  operation  is  designed  to 
supply  necessary  information  on  methods  and  equipment  now  in  use. 
Few  superintendents  can  travel  widely,  but  they  should  supplement 
their  knowledge  by  visiting  other  quarries  whenever  possible. 
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BEAL  PT7BPOSE  OF  TECHNICAL  ACCOT7NTS. 

The  duty  of  a  technical  accountant  is  not  to  find  a  convenient 
means  of  averaging  and  spreading  costs  over  various  operations  on 
some  arbitrary  basis,  but  to  separate  and  localize  costs.  His  piu:- 
pose  is  to  enable  him  to  follow  with  his  cost  book  every  operation 
from  quarry  to  finished  product  and  to  see  at  a  glance  the  cost  of 
all  the  individual  items  that  together  constitute  the  total  cost  of 
production.  He  can  then  compare  these  costs  with  each  other, 
observe  which  is  the  heaviest,  and  determine  at  what  point  his 
chief  energies  should  be  directed  toward  cost  reduction.  He  can 
also  compare  the  cost  of  the  same  operation  through  different  periods 
of  time.  He  can  ascertain  whether  a  new  method  increases  or 
decreases  the  cost,  and  if  a  new  machine  is  introduced  he  can  de- 
termine whether  it  cuts  down  the  cost  of  production  in  its  limited 
field.  Such  considerations  are  of  supreme  importance.  When 
selling  prices  are  fixed  by  competition  an  increase  in  profit  can  be 
accomplished  only  by  a  decrease  in  cost  of  production.  A  general 
decrease  can  be  achieved  only  by  bringing  about  minor  reductions 
here  and  there.  If  one  is  to  know  at  once  whether  any  new  machine 
or  method  is  contributing  its  share  toward  such  reductions  or  is 
maintaining  a  minimum  rate,  cost  keeping  must  be  localized. 

THE  COST  OF  NOT  EESPINa  ACCOT7NTS. 

The  degree  of  localization  in  cost  keeping  must  be  governed  by 
common  sense.  Bookkeeping  can  be  carried  to  such  an  extreme 
that  the  extra  expense  of  office  help  will  eat  up  the  profit  from 
increased  efficiency  in  other  departments.  However,  reasonably 
detailed  systems  may  be  employed  at  little  extra  cost.  Many 
quarrymen  are  opposed  to  them  on  account  of  the  extra  office  help 
required.  One  quarryman  remarked,  '*I  can  not  afford  to  install 
a  cost  system.''  When  reminded  of  the  successful  operation  of  the 
system  in  one  quarry  he  replied,  '  Their  margin  of  profit  is  so  small 
that  they  have  to  keep  close  cost  accounts."  What  sort  of  reason- 
ing is  it  that  leads  to  the  conclusion  that  the  one  whose  profit  is 
presumably  the  larger  can  not  afford  a  cost  system,  whereas  the 
one  whose  margin  of  profit  is  narrow  must  burden  himself  with 
additional  accountants  ?  The  two  statements  are  in  open  conflict, 
and  without  doubt  the  second  is  correct.  With  all  quarrymen  the 
statement  should  be,  '*I  can  not  afford  to  be  without  a  cost  system." 

LOCALIZATION  OF  COSTS. 

The  need  of  cost  keeping  having  thus  been  pointed  out,  attention 
may  be  directed  toward  the  principles  governing  the  localization  of 
control  accounts.    In  order  to  properly  analyze  costs  it  is  necessary 
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to  divide  them  into  the  several  factors  that  are  more  or  less  independ- 
ent of  each  other.  There  are  certain  factors  that  constitute  services 
toward  production  and  yet  are  distinct  from  the  actual  and  direct 
processes  of  production.  The  latter  are  labor  and  suppUes  directly 
applied  to  the  object  under  construction,  whereas  the  former  are 
such  items  as  power,  rent,  interest,  supervision,  and  jrard  operation. 
The  latter  are  necessary  factors  of  production,  but  are  less  directly 
connected  with  the  actual  processes.  The  piu'pose  of  the  technical 
accountant  is  to  keep  the  expense  figures  of  these  various  factors 
separate  from  each  other  so  that  the  efficiency  of  each  may  be  judged 
on  its  own  individual  merits  and  quite  independent  of  the  influence 
of  any  other  operation. 

Thus,  if  an  operator  considers  scrapping  his  steam  engine  and 
purchasing  electricity  at  1^  cents  per  kilowatt-hour,  if  he  has  no 
records  of  the  present  cost  of  his  power  per  horsepower-hour  he  has 
no  means  of  knowing  whether  the  change  would  be  profitable.  If, 
however,  he  has  careful  records  of  the  cost  of  fuel,  supplies,  repairs, 
labor,  maintenance  of  buildings,  depreciation,  interest  on  capital, 
etc.,  for  his  power  plant  and  thus  is  able  to  fix  for  every  month  the 
cost  of  power  per  horsepower-hour  he  is  in  a  position  to  judge  whether 
a  change  is  justifiable.  A  special  account  should  be  kept  for  each  of 
the  independent  factors,  which  together  make  up  the  total  cost  of 
production.  The  total  of  each  of  the  indirect  factors  must  be  appor- 
tioned on  a  fair  basis  between  the  different  imits  comprising  the 
entire  plant,  that  is,  the  production  centers. 

QBNEBAL  AND  SPECIAL  ACCOT7NTS. 

The  records  kept  may  be  classed  as  general  and  special.  General 
accounts  are  of  two  types:  The  first  covers  operations  affecting  the 
whole  plant,  and  the  items  must  on  this  account  be  apportioned 
among  the  various  centers  of  production,  such  aa  quarry,  mill,  and 
shop;  the  second  type  consists  of  summarized  statements  of  the 
total  direct  and  overhead  expense  confined  to  each  production 
center  independent  of  all  others. 

The  method  of  obtaining  costs  for  each  production  center  is  shown 
in  the  following  table,  where  quarry,  miU,  and  shop  are  represented 
as  production  centers.  The  total  cost  for  each  production  center  is 
the  actual  direct  and  overhead  expense  of  each,  together  with  the  proper 
proportion  of  general  expense,  yard  expense,  and  power  expense  for 
each. 
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Form  for  keeping  eosta  of  various  production  centers. 
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Quarry. 

MUl. 

Shop. 

Item. 

Cost. 

Item. 

Cost. 

Item. 

Cost. 

"niTPct  AT«TWWP .    -  -  T  -  - 

$ 

Direct  ejroense 

Overhead  expense. . . . 

$ 

Direct  expense 

Ovv!>rhea<r  exnenfK^ .... 

s. 

OverthBaa  exDense 

PraporticQ  01  general  ex- 
peofie  allotted  to  quarry 

ProDortloii  of  yard  ex- 

Proportion  of  general 

expense  allotted  to 
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Proportion    of    jrard 

expense  allotted  to 

mill. 
Proportion  of  power 

expense  allotted  to 

mill. 

Total  mi" .... 

Proportion  of  gRneral 

expense  allotted  to 

shop. 
Pr<9>ortlan    of   yard 

expense  allotted  to 

shop. 
Proportion  of  power 

expense  allotted  to 

shop. 

pense  allotted  to  quarry 

Proportion  of  power  ez- 
penae  allotted  to  quarry 

Total.  Quarrv 

M.  \rwmmmf  ^  ■.■•«  &  j  ••.... 

Other  general  accounts  may  be  kept  showing  total  production  and 
summarized  statements  of  total  and  unit  costs  of  each  operation. 

In  recording  all  general  accounts  it  is  well  for  purposes  of  com- 
parison to  place  in  a  parallel  column  the  cost  of  each  item  for  ^  pre- 
ceding period  of  possibly  six  months.  The  average  figure  for  the 
period  would  probably  be  the  most  useful,  as  it  would  show  whether 
an  item  for  any  given  month  was  below  or  above  the  average  cost  for 
the  preceding  period. 

Special  accoimts  are  localized  to  each  special  operation.  Their 
purpose  is  to  show  the  working  efficiency  and  the  time  efficiency  of 
varioTls  machines  or  methods.  By  means  of  careful  records  useful 
comparisons  may  be  made.  In  making  comparative  tests  of  two 
or  more  machines  it  is  wise  to  employ  the  same  operator  on  each 
machine  during  successive  periods,  as  the  efficiency  of  the  operators 
may  vary  more  than  that  of  the  machines.  Tliis  suggests  that 
special  accounts  may  also  be  kept  to  test  the  relative  efficiency  of 


men. 
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The  general  accounts*  which  must  be  apportioned  among  the 
various  production  centers  are  (1)  general  expense,  (2)  cost  of  yard 
operation,  (3)  cost  of  power. 

GENERAL   EXPENSE. 

The  general-expense  account  is  made  up  of  all  items  which  can  not 
be  directly  appUed  tb  any  single  production  center,  such  as  quarry, 
mill,  or  shop.  It  consists  of  the  land  factor  and  the  organization 
factor. 

a  The  writer  is  indebted  to  MaJ.  J.  S.  Sewell  for  many  suggestions  relating  to  quarry  accounts. 


150 


TECHNOLOGY   OF   MARBLE   QUARBYING. 


LAND  FACTOR. 


When  land  is  acquired  for  quarrying  purposes  eitilier  a  certain 
amount  of  capital  is  tied  up  by  purchase  or  rent  must  be  paid.  The 
interest  or  rent,  together  with  taxes,  is  an  annual  fixed  amount  which 
must  be  chained  against  all  operations  conducted  on  the  property. 


OROANIEATION  FACTOR. 


Costs  due  to  organization  include  expenses  of  administration,  office, 
advertising,  and  expenses  of  a  general  nature  which  affect  the  plant 
as  a  whole. 

The  various  items  of  general  expense  are  totaled  at  the  end  of  each 
month  and  apportioned  to  the  various  production  centers  on  a  fixed 
basis,  as,  for  example,  five-eighths  to  quarry,  one-fourth  to  mill,  and 
one-eighth  to  shop,  or  on  whatever  other  fractional  basis  may  seem 
justified.  A  general-expense  account  may  have  some  such  form  as 
the  following: 

Ftrrm  of  general-expense  account. 


Item. 


Administration 

Offioe  expeoae 

Legal  expense 

Traveling  expense 

Interest  and  discount  expen.se. 

Advertlstng 

Taxes. 


Jane. 


Ayerage  for  (^ 
month  period. 


DoBan. 


Insurance,  fire 

Insurance,  liability,  etc . 


Total 

Charge  to  quarry. 
Charge  to  mill... 
Charge  to  shop... 


YARD-OPERATION  FACTOR. 

The  yard  account  includes  interest  on  capital  expended  on  yard 
equipment,  wages,  costs  of  supplies,  maintenance  and  depreciation 
charges,  and  all  other  incidental  expenses  coimected  with  transporta- 
tion of  rock  from  the  quarry  to  the  stock  pile  and  from  there  to  the 
mill  and  shop,  or  directly  from  the  quarry  to  the  mill  and  shop.  It 
is  a  very  variable  accoimt  and  may  be  omitted  where  the  rock  is 
loaded  directly  upon  the  transfer  car  with  the  quarry  derrick.  The 
following  is  a  convenient  form  of  accoimt: 
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/ 


Farm  of  account  for  keeping  yard  oosU. 


Item. 


Superintendent 

EiijgtDeers  and  firemen. 
Tracks: 

Labor 


Supplies 

Repairs  to  locomotive  or  crane: 

Labor 

Supplies 

Fuel 

Can: 

Labor 

Supplies 

Miscellaneous 

Depredation 


June. 


Month. 


Dollars. 


Average  for  6- 
month  period. 


DoOari. 


Total 

Charge  to  quarry. 
Charge  to  mill... 
Charge  to  shop. . . 


POWER  FACTOR. 

The  simplest  case  in  power  charges  is  where  power  is  purchased  at 
80  much  per  kilowatt-hour  or  horsepower.  The  next  simplest  case 
is  where  the  transmission  and  distribution  is  done  by  the  purchasing 
company;  this  will  involve  charges  for  interest  on  capital  and  for 
depreciation  and  maintenance  of  necessary  equipment  in  addition  to 
the  first  cost.  Where  steam  power  is  used,  or  electricity  is  developed 
by  steam,  there  will  be  the  interest  on  capital  expended  in  boUers, 
engines,  generators,  buildings,  etc.,  in  addition  to  charges  for  main- 
tenance, labor,  fuel,  and  supplies.  In  the  case  of  hydroelectric  plants 
the  price  of  fuel  is  usually  offset  by  the  capital  invested  in  dams  and 
sluices. 

It  is  important  that  exact  power  costs  be  kept  and  wherever  possible 
reduced  to  the  unit  cost,  or  rate  per  kilowatt-hour  or  horsepower- 
hour.  A  large  part  of  the  loss  connected  with  stone  quarries  is  in  the 
power  factor.  A  power  cost  that  is  excessive  as  compared  with  the  nu- 
merous published  statistics  of  power-development  costs  indicates  that 
something  is  radically  wrong  and  that  the  services  of  an  expert  are 
required  to  stop  the  leak.  If  power  from  more  than  one  plant  is 
employed  a  separate  account  should  be  kept  for  each  plant  in  order 
that  the  expense  be  properly  localized.  The  power  cost  should  be 
apportioned  among  the  various  production  centers  on  the  basis  of  the 
power  actually  consumed  by  each. 

When  power  is  purchased  no  account  is  necessary  except  for  trans- 
mission and  distribution.  Power  plants  are  of  various  types  and  the 
form  of  account  must  be  varied  to  suit  the  conditions;  two  typical 
forms  are  given  below. 
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Fijfm  for  coiU  of  steam  power  plant. 


Item. 


Firaneiiaiidlielpcn 

EnsiiiMrs 

Mafiitenaxioe  of  buildings: 
Labor 


June. 


Mootli. 


DoUan. 


Ayeragefar 
6-nionth  porjod. 


DdUart. 


Supplies 

KaJntenanoe  of  boiten  and  engines: 
Labor 


Supplies 

Kalntenanoe  of  steam  lines: 
Labor 


Supplies.., 


Fuel 

Remoring  clnden: 
Labor 


Supplies. . 
llaneous. 


MlsoeU 

Superintendence .*. 

Depreciation 


Totol 

Cost  per  unit, 


In  the  case  where  steam  is  conducted  directly  to  the  quarry  ma^ 
chinery  the  total  cost  may  be  apportioned  to  the  various  machines  in 
the  special  accounts  for  these  machines.  Where  part  of  the  steam 
power  is  used  to  develop  electricity  a  separate  accoimt  must  be  kept 
for  this  item. 

Cost  form  for  hffdroelectric  power  plant. 


June. 

Item. 

Month. 

Average  for 
6-moiith  period. 

A  ttendants 

DoUars. 

DiJlan. 

Maintenance  of  buildings: 

I^bor 

Supplies 

Maintenance  of  dams  and  sluices: 
Labor 


Supplies 

Maintenance  of  power  lines: 
Labor 


Supplies 

Maintenance  of  turbines  and  generators: 

Labor 

Supplies 

Supplies  (oil,  waste,  etc.) 

Depreciation  (amortisation) 


Total 

Cost  per  kilowatt -hour. 

Charge  to  quarry 

Charf!e  to  mill 

Charge  to  shop 


This  account  gives  the  proportion  of  power  expense  for  each 
department  and  also  indicates  the  efficiency  of  the  power  plant. 
The  cost  of  developing  electric  power  depends  on  the  amount  of 
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capital  invested  in  dams  and  machinery  and  on  the  length  of  trans- 
mission lines  and  henoe  is  subjeot  to  considerable  variation.  It 
varies  generally  from  1  jr  to  2  cents  per  kilowatt-hour. 

GENEBAL  QXTABBY  ACCOUNTS. 

The  general  quarry  accounts  are  (1)  direct  quarry  cost,  (2) 
overhead  expense,  (3)  total  cost  of  operating  quarry,  (4)  quarry- 
production  account,  and  (5)  condensed  cost  account. 

DIRECT   QUARRY  COST. 

The  direct  quarry  cost  includes  the  labor  and  supplies  required 
for  each  quarry  operation.  A  form  for  keeping  this  account  is 
given  below: 

Form  far  keeping  direct  co9i  accountafor  quarry. 


June. 


Item. 


Labor: 

Cbannelizig 

Setting  up  track 

Gadding 

Setting  up  gadders 

Raising  blocks 

Pumping  and  cleaning  up  auarry . 

Changing  channeling  machiDes. . . 

Steel  for  channelers 

S teel  for  gadders 

Miscellaneous 

Supplies: 

Channeling 

Setting  up  track 

Gadding , 

Setting  up  gadders 

Raising  blocks 

Pumpmg  and  cleaning  up 

Changing  channeling  machines 

Steel  for  channelers 

Steel  for  gadders 

Miscellaneous 

Fuel  for  heating 


Month. 


Dotlars. 


Average  for  6- 
month  period. 


DoUart. 


Total  direct  quarry  cost. 


OVERHEAD   EXPENSE. 

The  distinction  between  overhead  and  general  expense  is  clearly 
defined.  The  latter  is  made  up  of  those  items  which  aflfect  the 
plant  as  a  whole  and  which  must  be  shared  by  each  production  center 
proportionally.  The  former  is  a  separate  account  kept  for  each 
production  center  and  includes  for  each  center  indirect  expenses 
which  pertain  to  that  center  only  and  are  independent  of  all  others. 
The  ordinary  expenses  which  fall  in  this  class  are  maintenance  and 
repairs  and  supervision — that  is,  the  wages  of  superintendents  and 
foremen  employed  in  this  particular  center  of  production.  It  seems 
convenient    also    to    include    depreciation    chaises   with    overhead 
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expenses.  Depreciation  is  an  indirect  expense  and  is  an  independent 
item  for  each  production  center.  It  is  usually  expressed  as  a  per- 
centage of  the  original  cost  calculated  on  a  basis  of  the  estimated 
time  which  may  elapse  before  the  equipment  must  be  replaced. 
It  usually  varies  within  limits  of  5  to  10  per  cent  per  annum. 

Form  for  averhead-experuie  acamnt/or  quarry. 


Item. 

June. 

ICbath. 

ATersgBfor^- 

Samrlntendent  and  foremen. . 

DoIUts. 

DoOartt. 

Watchman 

Depreciation 

Labor: 

Maintwianoe  of  channelers . 

Maintenance  of  ndders . . . 

Maintenance  of  aerricks. . . 

Maintenance  of  pumpe 

Maintenance  of  Duiloings. . 

Miacellaneoiu 

Bapplies: 

Iffaintenanoe  of  channelers. 

Maintenance  of  aadders . . . 

Maintenance  of  aerricks . . . 

Maintoianre  of  pumps 

Maintenance  of  builoings. . 
IHam^lhm^H)!^^ 


Total  ovediead  expense  for  quarry , 


TOTAL  COST  OF   OPERATING  QUABBY. 

The  total  quarry-cost  account  contains  the  various  items  which 
make  up  the  total  cost  of  operating  the  quarry.  It  includes  the  propor- 
tional share  of  general  expense,  yard,  and  power  charges,  and  the 
total  direct  and  overhead  charges  for  the  quarry. 

Form  for  leeping  total  quarry  cost. 


Item. 


Apportioned  share  of  general  expense . 
App<n1;ianed  share  of  jrard  service  — 

Apportioned  share  of  power 

Total  direct  operating  cost 

Total  quarry  overhead  cost 


Total  cost  of  operating  quarry. 


lime. 


Mcnth. 


DcOart. 


Average  for 

0>moath 

period. 


DtfOarw. 


Circumstances  may  make  it  advisable  to  keep  other  accounts,  such 
as  a  special  development  account. 


COST   KEEPING. 


155 


QUAEBY  PEODUOTION'  AOOOUNT. 


Mere  statements  of  costs  are  of  little  value  unless  accompanied  by 
a  statement  of  production  for  the  same  period. 

Farm  for  keeping  quarry  produetwn  account. 


Item. 


Gross  production. 

Scrap  blocks 

Net  prodociion 

Quantity  deliyered  to  mill  (or  shipped  whofesale) 

Quantity  delivered  to  yard 

Quantity  delivered  from  yard  to  mill  (or  shipped  wholesale) . 


June. 


Month. 


CuMefeet, 


Average  for 

6>month 

period. 


Cuhicfert. 


CONDENSED  COST  ACCOUNT. 

A  summarized  account  may  be  kept  of  the  total  and  unit  costs  of 
each  operation,  including  the  overhead  charge.  It  is  compiled  from 
other  accoimts,  and  presents  the  facts  in  a  convenient  form  for 
reference  or  comparison.  A  convenient  form  for  keeping  such  an 
account  is  given  below: 

Form  for  keeping  condensed  cost  aeoounL 


Item. 


Total  cost  of  channeling  (includes  quarry  overhead  charge). 

Total  number  of  square  feet  channeled 

Cost  of  channeling,  per  square  foot 

Vertkal  driUing: 


June. 


M(»ith. 
\ 


DoUars. 


Average  for  6- 
month  period. 


DoUars. 


Total  cost  (indnding  overhead  charn) 


Total  number  of  square  feet  of  rock 

Total  number  of  linear  feet  drilled 

Cost  per  square  foot 

Cost  per  linear  toot 

Beddriimig:a 

Total  cost  (including  quarry  overhead  charge) 

Total  number  of  square  feet  of  rock  drilled 

Totalnumber  of  linear  feet  drilled 

Cost  per  square  foot 

Cost  per  1  inear  foot 

Total  cost  of  lifthig  blocks  (including  quarry  overhead  charge) . 

Total  cost  of  maintaining  quarry 

Total  cost  of  power 

Total  cost  of  quarry  plant  depreciation 

Total  cost  of  development  work 


aA  term  applied  to  drillholes  made  for  the  purpose  of  freeing  the  block  from  the  floor. 
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SPBCIAL  QTXARBY  ACCOT7NTS. 

The  accounts  just  considered  cover  the  total  quarry  cost,  the  total 
production,  and  the  total  and  unit  costs  of  each  operation.  More 
detailed  records  are  necessary,  however,  both  for  the  purpose  of 
compiling  the  general  records,  and  to  check  the  efficiency  of  each 
separate  operation. 

In  order  to  test  chanaeling  or  drilling  efficiency  no  accoimt  is  taken 
of  the  proportion  of  waste,  for  it  makes  no  difference  whether  sound 
or  unsound  material  is  producsd,  as  regards  the  rate  of  cutting. 
Hence  aU  such  records  are  based  on  gross  production.  For  chan- 
neling the  following  records  should  be  kept: 

Form  Jot  keeping  channeling  ootiSy  bated  on  grass  production. 

Item.  Hooth. 

Square  feet  channeled 

Channeling  cost 

Square  feet  cut  in  10-hour  day 

Square  feet  cut  in  lO-hours'  cutting  time 

Channeling  cost  per  square  foot 

Sqiiare  feet  channeled  per  cubic  foot 

Channeling  cost  per  cubic  foot 

Form  for  channeling  time-efficiency  account 

Time.  Month. 

Maximum  working  hours 

Cutting  time,  per  cent 

Time  used  for  repairs,  per  cent 

Time  used  in  moving  and  setting  track,  per  cent 

The  following  gadding  accounts  should  be  kept: 

Account  for  keeping  gadding  costs y  based  on  gross  production. 

Item.  Month. 

Square  feet  of  gadding 

Gadding  cost 

Square  feet  cut  in  10-hour  day 

Square  feet  cut  in  10  hours*  cutting  time 

Gadding  cost  per  square  foot 

Square  feet  of  gadding  per  cubic  foot 

Gadding  cost  per  cubic  foot 

Linear  feet  cut 

Cost  per  linear  foot 

Account  for  keeping  gadding  tirne  efficiency. 

Time.  Month. 

Maximum  working  hours 

Cutting  time,  per  cent 

Time  used  for  repairs,  per  cent 

Time  used  for  moving,  per  cent 
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Separate  accounts  may  be  kept  for  vertical  drilling  and  bed 
drilliiig,  or  they  may  be  united.  Both  channeling  and  gadding 
accoxmts  may  for  purposes  of  comparison  be  localized  to  machines 
of  the  same  class  or  even  to  individual  machines. 

Such  accounts  also  afford  a  means  of  testing  various  methods. 
Suppose  a  change  is  made  in  the  direction  of  a  row  of  drill  holes  so 
that  advantage  is  taken  of  a  rift  in  the  rock  which  permits  a  wider 
spacing  of  the  holes.  The  result  would  be  shown  in  the  decreased 
gadding  cost  per  cubic  foot  of  rock  produced.  The  exact  saving  thus 
effected  may  be  balanced  against  any  increased  cost  which  may  be 
involved  in  the  change  of  quarry  method,  and  thus  the  operator  will 
know  whether  such  a  plan  is  justified. 

As  a  further  illustration,  suppose  the  rift  to  be  so  poorly  defined 
that  it  may  seem  advisable  to  channel  in  two  directions  and  gad  only 
on  the  bed.  Such  a  change  would  lower  the  gadding  cost  and  increase 
the  channeling  cost  per  cubic  foot  of  rock  produced.  The  sum  of  the 
channeling  and  gadding  costs  before  the  change  compared  with  their 
sum  after  the  change  would  indicate  the  loss  or  gain  involved  in  such 
a  change  of  method. 

The  preceding  statements  indicate  that  in  many  cases  conclusions 
must  not  be  drawn  from  isolated  accounts,  but  from  the  relation  of 
one  accoxmt  to  another.  The  accounts  are  often  interdependent,  and 
no  one  can  interpret  them  properly  except  the  man  who  is  famiUar 
with  both  the  quarry  operations  and  the  accounts  kept. 

A  very  useful  accoxmt  is  one  which  summarizes  the  imit  cost  of 
each  item  on  a  basis  of  gross  production  followed  by  the  same  item 
on  a  basis  of  net  production,  as  follows: 

Account  for  keeping  gross  and  net  unit  costs. 


June. 

Item. 

Month. 

Average  for 
d-month  period. 

Gross. 

Net. 

Gross. 

Net. 

Chflimelliis.  per  cubic  foot 

Dollars. 

DoOara. 

DoOarB. 

Dollars. 

VertinAl  t\ril\inff,  tm^p  mb^r  foot 

Bed  drilling,  per  cubic  foot 

Llitinff  blocEs.  per  cubic  foot 

Maintenanoe  oi  quarry,  per  cubic  foot  produced 

Power,  per  cubic  foot  produced 

Total  cost 

Such  an  accoimt  indicates  clearly  how  the  proportion  of  waste 
adds  to  the  cost  of  production  of  the  finished  product. 

For  a  certain  month  the  total  cost  of  production  per  cubic  foot,  gross 
measiu'e,  in  one  marble  quarry,  was  only  35  cents.    When  calculated 
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on  the  basis  of  net  production  it  was,  however,  $1.31  per  cubic  foot. 
This  means  that  if  aU  the  marble  produced  were  salable — ^an  ideal  con- 
dition which  is  impossible  in  practice  but  may  be  assumed  for  purposes 
of  illustration — the  marble  could  be  sold  at  36  cents  a  cubic  foot  for  a 
profit,  if  selling  expenses  were  disregarded.  So  much  rock  is  thrown 
away  on  the  waste  heap,  however,  that  with  no  compensating  revenue 
from  waste  material  the  good  stock  must  be  sold  for  more  than  SI. 31 
in  order  to  realize  a  profit.  If  more  quarrymen  kept  records  which 
would  clearly  indicate  the  excessive  losses  that  result  from  quarrying 
inferior  material,  it  is  safe  to  assume  that  more  active  steps  would 
be  taken  in  an  attempt  to  modify  quarry  methods  in  such  a  manner  as 
to  reduce  the  proportion  of  waste. 

Block  records  are  very  useful,  as  they  assist  the  quarry  operator  in 
keeping  track  of  his  product.  A  form  of  record  kept  by  one  marble 
company  is  as  follows: 

Block  record  kept  by  a  North  Carolina  company. 


No.orhlorJc. 

Date  quarried. 

DimeDsions. 

Grade. 

Total  eo- 
bJofeet. 

To  mill. 

1243 

July      7, 1914 

y  0"'  by  3"  0"'  by 

No,S 

9 

August  4, 1914 

1 

1 
1 

For  companies  who  seU  their  stock  wholesale  a  block  record  is  still 
more  desirable  and  requires  greater  detail.  A  form  used  by  a  Ten- 
nessee marble  company,  which  is  very  complete  and  enables  the 
operator  to  trace  every  block  from  the  quarry  pit  to  its  final  destina- 
tion, is  given  below: 

Form  of  block  record  kept  by  wholesale  company. 


Datelisted. 

List  No. 

Grade. 

Color. 

Official  measure. 

Cubic  feet. 

Accepted  measure. 

May    10 
May    10 

1234 
1235 

1 
1 

Pink 
...do».. 

7'  a'  by  6'  a^  by 

e  &'  by  6'  a'  by 
3'0'\ 

126 

117 

• 
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Form  of  block  record  kept  by  wholesale  company — Continued. 
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Cubic  feet. 

Description  and  oon- 
dltirai. 

Consignee. 

Addre5». 

Charged. 

Address. 

Good  blocks  regu- 
lar shape,  fine 
color. 

..... do .......... 

• 

1 

Order  No. 

Date  shJpped. 

Folio. 

Remarks;  car  No.,  routing,  etc. 

18256 

18257 

June  14 

do 

152 
152 

Southern  1181189,  cjo  Mobile  and  Ohio, 
Do, 

The  company  intends  to  supplement  this  report  with  a  sketch  of 
each  block  showing  the  position  of  cutters  if  the  block  is  unsound, 
and  the  position  of  any  irr^ularities  or  flaws.  Such  sketches  would 
be  placed  on  file  for  reference  in  case  of  a  dispute  with  the  buyer. 


GENEBAL  MILL  ACCOXTNTS. 


The  general  mill  accounts  are  (1)  direct  mill  cost,  (2)  overhead 
expense,  (3)  total  cost  ^f  operating  mill,  (4)  unit  cost  accoxmt,  (5) 
condensed  cost  account. 


DIRECT  MILL  COST. 


The  direct  mill  cost  includes  charges,  for  labor  and  supplies  for  the 
various  processes  in  the  mill.  A  form  for  keeping  this  account  is 
given  below. 
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Form  for  keeping  direct  mill  costs. 


Item. 


Labor: 

Loading  and  unloading  gangs. 


Sawing. 
Hoisting  engini 
itock.. 


June. 


I 


Month. 


I    Average  for 
i6-monUi  period. 


DoOars. 


DoOart. 


Placing  stool 

Sawing  with  diamond  saw 

Removing  yard  scrap  and  waftte 

Loading  sawed  stock  in  cars 

Bracing  sawed  stock  in  cars 

Water  supply 

Supplies: 

For  loading  and  unlnading  ganj^s 

For  hoisting  engineer 

For  placing  stock 

For  removmg  yard  scrap  and  waste. 

For  loading  sawed  stock  in  cars 

For  bracing  sawed  stock  in  cars 

Saw  blades 

Sand 


Total  direct  mill  cost. 


OVERHEAD   EXPENSE. 


Overhead  expense  includes  cost  of  superintendence,  maintenance 
and  repairs,  and  depreciation.  A  form  for  keeping  an  overhead- 
expense  account  for  the  mill  is  given  below. 

Form  of  overhead-expense  account  for  mill. 


Item. 


Superintendent. 
Foreman. 


Tune. 


Month. 


DoOars, 


Average  for 
6-month  period. 


DoOan. 


Dein'eciation 

Laoor: 

Maintenance  of  gangs  and  sand  pumps 

Maintenance  of  diamond  saws 

Maintenance  of  crane  and  runway 

Maintenance  of  shafting  and  belting 

Maintenance  of  drain  and  settling  basin 

Maintenance  of  buildings 

Maintenance  of  machine  shop  and  equipment. 

Maintenance  of  heating 

Watchman 

Miscellaneous 

SoppUes: 

Maintenance  of  ganga  and  sand  pumps 

Maintenance  of  diamond  saws 

Maintenance  of  crane  and  runway 

Maintenance  of  shafting  and  belting 

Maintenance  of  drain  and  settling  basin 

Maintenance  of  buildings 

Maintenance  of  machine  shop  and  equipment. 

For  heating 

For  watchman 

Miscellaneous 


Total  overhead. 
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A  form  for  keeping  a  summarized  statement  of  mill  costs,  similar 
to  that  for  the  quarry,  is  given  below: 

Farm  for  keeping  total  eosU  of  operating  mill. 


Item. 


June. 


Montb. 


Apportioned  share  of  general  expense. 

Apportioned  share  of  yard  service 

Apportioned  share  of  power 

Total  direct  operating  cost 

Total  overhead  charge  for  mill 


DoOart. 


Average  for 

6 -month 

period. 


Total  cost  of  operating  mill. 


UNIT  COST  ACCOUNT. 

The  unit  cost  account  shows  the  amoimt  of  material  produced  and 
the  unit  costs  direct  and  indirect  for  gangs  only.  If  diamond  saws 
or  wire  saws  are  employed,  separate  accounts  should  be  kept  for  them. 

Form  of  unit  cost  account  for  gangs. 


June. 


Item. 


Number  of  gang  hoars  actually  made 

Direct  cost  per  gang  hour 

Total  cost  per  gang  hour 

Square  feet  of  saw  cuts 

Direct  cost  per  square  foot  of  saw  cut , 

Total  cost  per  square  foot  of  saw  cut 

Cubic  feet  of  blocks  for  fl  rst  cut , 

Cubic  feet  of  blocks  for  second  and  third  outs .. . 

Cubic  feet  oi  blocks  for  all  stock  loaded 

Total  cubic  leet  sawed  (all  between  saws) 

Total  cubic  feet  good  color  obtained 

Total  cu  b  ic  feet  good  and  sound 

Direct  cost  per  cubic  foot  total  sawed 

Total  cost  per  cubic  foot  total  sawed 

Direct  cost  per  cubic  foot  good  color 

Total  cost  per  cubic  foot  good  color 

Direct  cost  per  cubic  foot  good  and  sound 

Total  cost  per  cubic  foot  good  and  sound 

Average  dquare  feet  saw  cuts  per  gang  hour 

Average  square  feet  sawed  per  gang  hour 

Rate  of  sawing , 

Average  number  of  blades  per  gang  load 

Average  length  of  stock 

Average  number  of  cubic  feet  per  gang  load 

Number  of  gang  loads 


Month. 


Dollars. 


Average  for 

6- month 

period. 


DoUoTi. 


This  form  of  account  is  subject  to  many  modifications.  The  one 
given  is  designed  to  fit  a  complex  condition,  where  the  marble  is 
marred  by  both  bad  color  and  unsoundness.  If  either  of  these  is 
absent  the  account  may  be  simplified.  If  the  material  is  graded  as 
No.  1,  2,  and  3  as  it  leaves  the  saws  the  account  must  be  modified  to 
suit. 
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CONDENSED  COST  ACCOUNT. 

The  value  of  material  as  it  enters  the  mill  is  the  sum  of  the  costs  of 
work  already  done  upon  it  as  indicated  by  the  quarry  records. 
The  summarized  account  gives  in  condensed  form  the  cost  of  material 
through  the  mill  and  indicates  the  additional  costs  of  various  oper- 
ations, both  as  totals  and  imits. 

Fcrm/or  keeping  condented  co$t  account. 


Item. 


Value  of  blocks  to  millfrom  quarry 

Value  of  blocks  to  millfrom  yard 

(a)  Total  value  of  blocks  to  mill 

Average  value  per  cubic  foot  of  blocks  to  mill . 

(5)  Total  mill  operatinff  cost ^. 

Total  value  of  output  of  mill  (sum  of  a  and  h) , 
Thin  stock:  a 

Value  of  blocks  delivered  to  mill 

Total  cost  of  sawing 

Total  value  of  sawed  stock  produced 

Average  value  of  sawed  stock  produced . . . 


June. 


Month. 


Average  for  ^ 
month  period. 


JMlars, 


DoObts, 


.1. 


I 


a  Bimllar  accounts  may  be  kept  to  ascertain  the  costs  per  cubic  foot  of  making  the  flnt,  seoond,  and 
third  cuts,  cuts  subsequent  to  the  third,  and  of  cutting  with  the  diamond  saw. 

For  convenience  in  keeping  saw-gang  records,  the  accompanying 
ticket  form  which  is  used  by  one  marble  company  may  offer  useful 
suggestions: 

BAW  TICKET. 


Ocng  No 

Dimennons 

Block  No.  . . 

Ore 

fde 

Date. 

Hour. 

When  last  down 

1 

No.  saws 

When  started i 

No.  pes....... 

When  down    ....     ...       ......... ....,------, 

( 

Total  hours  under  gang Idle  for  loading Sizes  sawed  into . 

HOURS  RUN  AND  INCHES  SAWED  EACH  SHIFT. 


Sawyer. 

1 

8 

6 

7 

Hrs. 

Ins. 

Hrs. 

Ins. 

His. 

Ins. 

Hrs. 

Ins. 

1 

2 

4 

6 

8 

Totftlff 

1 

1 

Total  hours  sawed 


Total  inches  sawed 


Total  hours  delay 
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DELAYS. 


Date. 

Hours. 

Cause. 

• 

SPECIAL  MILL  ACCOUNTS. 

The  special  mill  accounts  show  the  amounts  produced  by  the  various 
operations  and  the, total  and  unit  costs  of  each  operation,  with  certain 
other  useful  figures  such  as  rate  of  sawing,  number  of  blades,  etc. 
A  summarized  statement  of  total  quantities  produced  and  cost  of  the 
same  may  be  given  as  follows: 

Form/or  keeping  cott  account  of  total  quantities  prodwced. 


Total  quantities  produced  by  gang. 


Gang  hoars  actually  made 

Direct  cost  per  gang  hour 

Total  cost  per  gang  Dour 

Souare  feet  of  saw  cuts 

Direct  cost  per  square  foot  of  saw  cut 

Total  cost  per  square  foot  of  saw  cut 

Grose  measure  blocks  for  first  cut 

Gross  measure  blocks  for  second  and  third  cuts 

Gross  measure  all  stock  loaded 

Total  o  cubic  feet  sawed  (all  between  saws) 

Direct  cost  per  cubic  foot  (total  sawed) 

Total  oost  per  cubic  Ibot  (total  sawed) 

Average  number  of  square  feet  sawed  per  gans  hour . 
Avera0B  number  of  cubic  feet  sawed  per  gang  nour . . 

Rate  of  sawing 

Average  number  of  blades  per  gang  load 


Average  length  of  stock . 

Average  number  of  cubic  feet  per  gang  load . 

Number  of  gang  k)ads 


June. 


Month. 


Average  for 

6-month 

perkxi. 


a  Similar  items  showing  the  cost  of  producing  the  different  grades  may  be  given  if  defUred . 

A  thin-stock  account  may  be  kept  in  more  or  less  detail.     The 
form  given  here  may  be  modified  at  the  operator's  discretion. 
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Form  for  keeping  thin-gtock  account. 


ThJn  stock. 


Oron  measnre,  cable  feet 

Total  a  cubic  feet  sawed  (all  between  saws) 

Total  number  of  square  feet  of  saw  cats 

Total  gang  hours 

Direct  operating  cost 

Total  operating  cost 

Direct  cost  per  cubic  foot  of  total  quantity  sawed . . . . 
Total  a  cost  per  cubic  foot  of  total  quantity  sawed. . . 

Direct  cost  per  square  foot  of  saw  cut 

Total  cost  per  square  foot  of  saw  cat 

Average  number  of  square  feet  sawed  per  gang  hour. 

Average  number  of  cubic  feet  cat  per  gang  hour 

Average  rate  of  sawing 

Average  number  of  blades  per  gang  load 

Average  length  of  stock 

Average  number  of  cubic  feet  per  gang  load 

Total  number  of  gang  loads 


June. 


Month. 


Average  for 

e-month 

period. 


o  Items  similar  to  this  one  for  the  different  grades  might  be  inserted  here. 

Similar  accounts  may  be  kept  for  cubic  stock,  showing  the  cost  of 
making  the  first  cut,  second  cut,  third  cut,  and  cuts  subsequent  to 
the  third  cut,  and  for  diamond  saws.  Cuts  subsequent  to  the  third 
cut  are  usually  diagonal  or  some  such  direction  for  the  purpose  of 
decreasing  mill  labor,  and  as  a  consequence  are  charged  to  the  mill. 

Time-efficiency  reports  are  of  great  value.  The  various  causes  of 
delay  may  be  enumerated  and  calculated  to  percentages  of  the  maxi- 
mum sawing  hours,  as  in  the  form  following: 

Form  for  tiTne-efficiency  record  of  gang. 


Jane. 

Item. 

Month. 

Average  for  A-montli 
period. 

Hours. 

percent. 

Hours. 

percent. 

Mf^Tfrn^im  ju^winetlme 

Actual  .sawing  time 

Time  oonsunwd  by  delays: 

Loading  and  unloading 

CominE  down  at  night 

Without  water 

Without  power 

Repairs  to  hi"jp» 

Renairs  to  Deltuiff  and  shaftinsr 

Repairs  to  numos 

Repairs  to  lead  pipes 

Without  blocks 

Suppose  that  in  addition  to  a  traveling  crane  a  transfer-car  system 
is  installed.  In  the  next  monthly  report  the  advantage  of  this  addi- 
tional equipment  would  be  reflected  in  the  time-efficiency  record  as 
a  material  reduction  in  the  time  consumed  in  loading  and  unloading. 
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SHOP  OB  FINISHINa  PLANT  ACCOT7NTS. 

In  considering  the  various  operations  in  the  shop  a  new  condition 
presents  itself.  Although  the  whole  shop  has  been  termed  a  pro- 
duction center  it  is  in  reahty  a  group  of  smaller  independent  pro- 
duction centers  comprising  coping,  rubbing  plain  stock,  gritting  plain 
stock,  buflBng  plain  stock,  cutting,  matching,  drilling  holes  for  anchors, 
boxing,  and  loading.  Keeping  in  mind  the  principle  that  technical 
accounts  should  be  localized  if  costs  are  to  be  properly  isolated,  for 
each  of  these  smaller  production  centers,  a  separate  account  must  be 
kept,  each  bearing  its  proper  share  of  general  expense,  yard  service 
and  power,  and  its  total  direct  and  overhead  chaise.  The  appor- 
tioning of  general  expense  and  other  indirect  costs  requires  careful 
adjustment.  Some  departments  require  more  supervision  or  more 
yard  service  than  others,  and  each  should  be  bxirdened  with  no  more 
than  its  fair  share.  Power  cost  is  apportioned  on  the  basis  of  the 
actual  amount  of  power  used  by  each  department. 

Two  general  shop  accounts  are  necessary,  one  being  a  summary  of 
shop  costs  and  the  other  a  summary  of  shop  production. 

Cost  account  for  shop  or  finishing  plant. 


Item. 


General  expense: 

Percentage  of  main  general  expense  aooount. 
'^    '  of  total). 


June. 


Month. 


Dollars, 


Draftsmen  (percentage 

DiBftJAg  supplies  (percentage  of  total) 


Total  general  exi>ense8 

Vard  operation  (percentage  of  total). 

Power  (amount  actually  used) 

Direct  shop  costs: 
Labor. 


SuppUc 


Total  direct  shop  costs 

Overhead  expense  for  shop: 

Draftsmen  (percentage  of  total) 

DnJtlng  supplies  (percentage  of  total) 

Superintenaenoe 

Shop  depreciation 

Maintenance  of  shop  machinery- 
Labor 

Supplies 


Total  overhead  expense  for  shop. 

Soxmnary: 

Oeneral  expenses 

Yard  operation 

Power 

Direct  shop  costs 

Overtiead  expense  for  shop 


Total  cost  of  operating  shop. 


Total  number  of  productive  hours  of  shop  labor. 

General  expense  per  productive  hour 

Yard  expense  per  productive  hour 

Power  expense  per  productive  hour 

Direct  esmense  per  productive  hour 

Ovedieaa  expense  per  productive  hour 


Average  for 
6-month 
period. 


Dollars. 
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A  plain-stock  production  account  summarizes  the  number  of  cubic 
feet  of  stock  handled  and  the  work  done  on  it  at  each  operation. 

Form  for  keeping  reeordi  of  plain-^toek  produetUm, 


Plain-stock  piodaotion. 


Jone. 


Hoath. 


ATefacefor 
O-moolii 


Sqnan  fe«t  of  stodk  ooped  (ocoiadiiif  tile) 

Cubic  feet  of  stock  coped  (ezduding  tile) 

Square  feet  of  tile  coped 

Cubic  feet  of  tile  ooped 

Square  feet  of  stock  rubbed  (excluding  tile) 

Square  feet  of  second  suifsoe  rubbed  (ezdoding  tile) , 

Total  square  feet  rubbed 

Cubic  feet  of  stock  rubbed 

Square  feet  of  tile  rubbed 

Cubic  feet  of  tile  rubbed 

Square  feet  of  stock  eritted 

Squarefeet  of  second  surf^Moe  gritted 

Total  square  feet  gritted 

Cubicfeet  of  stock  gritted 

Square  feet  of  stock  bulled 

Square  feet  of  second  surface  buffed 

Total  square  feet  buffed 

Cubic  feet  of  stock  bulled 


The  account  for  each  of  the  production  centers  within  the  shop 
may  have  somewhat  the  following  form: 

Form  for  keeping  cosU  of  individual  operationa. 


Coping. 


Total  number  of  productive  hours. 

Square  feet  of  stock  ooped 

Cubic  feet  of  stock  coped 


June. 


Month. 


Oeneral  expense 

Yard  service 

Power 

Overhead  shop  expense. 
Direct  expense: 

Copers 

Helpers 

Foremen 

Removing  scrap 

Supplies 


Average  lor  6- 
month  period. 


Total  cost  of  coping  per  cubic  foot  (a) 

Cost  of  stock  per  cubic  foot  before  coping  (6) 

Value  of  ooped  stock  per  cubic  foot  (sum  of  a  and  b) . 


In  this  account  the  value  of  the  stock  is  the  sum  total  of  the  costs 
of  all  previous  operations.  After  it  has  been  coped  the  stock  will 
have  increased  in  value  by  the  amount  of  the  coping  costs.  The 
same  process  is  followed  during  all  subsequent  operations,  and  the 
final  boxing  and  loading  accoimt  will  show  as  the  value  of  the  stock 
the  total  cost  of  all  operations  through  quarry,  mill,  and  shop.    The 
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accounts  for  rubbing  plain  stock,  gritting  plain  stock,  buffing  plain 
stock,  cutting,  matching,  and  other  necessary  processes  are  kept  in  the 
same  form  as  the  coping  account,  though  certain  modifications  must 
be  made  in  the  direct  expense  of  each.  Tile  stock  or  refinishing  may 
require  additional  accounts. 

Accounts  should  be  kept  for  all  by-products,  such  as  terrazzo,  road 
material,  fertilizer,  riprap,  lime,  etc. 

JOB  ACCOI7NTS. 

In  shops  where  novelties  are  manufactured  it  may  seem  desirable 
to  determine  the  total  cost  of  an  article  which  has  passed  through 
the  hands  of  a  number  of  operators.  Such  a  record  when  placed  on 
file  affords  a  ready  means  of  making  future  estimates  on  similar 
articles.  If  a  block  of  cubic  stock  is  taken,  its  first  cost  may  easily 
be  ascertained  from  the  total  cost  of  third-cut  cubic  stock  in  the  con- 
densed cost  account  of  the  mill  records.  The  final  cost  will  be  this 
amount  plus  the  cost  of  all  subsequent  work  done  upon  it.  For 
keeping  such  records  the  following  forms  of  cost  tickets  are  sug- 
gested. When  the  job  is  completed,  the  information  contained  in 
ticket  1  is  transferred  in  condensed  form  to  ticket  2.  The  latter 
may  be  of  cardboard,  of  convenient  size  and  shape  for  filing. 

Suggested  forms  for  cost  tickets, 

COST  TICKET  NO.  1. 

Order  No Design 

Kind  of  marble Size 

Article 


Class  of  workman. 


Cutter. 


Cutter 

Cutter 

Polisher 

Polisher 

Tracer 

Turner 

Lathe  poUdier. 


Name  of 
workman. 


L.  Smith. 


Time 
started. 


7 Ma.  TO. 


Time 
stopped. 


11  a.  m. 

6127m 


Total 
time. 


S^  hrs. 


Rate. 


m 


Cost. 


SI. 7$ 


P.emarks. 


Deedgn. 


COST  TICKET  NO.  2. 

Order  No For. . 


Price 


Cubic 
feet. 

Cost  of— 

Total 
cost. 

Sizes. 

Cutting. 

Polish, 
ing. 

Tracing. 

Turning. 

Letter- 
ing. 

, 

1 

FUBLICATIONS  ON  MINKEAL  TBCHNOLOGT. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  is  temporarily  available  for  free  distribution.  Requests  for 
all  publications  can  not  be  granted,  and  to  insure  equitable  distri- 
bution applicants  are  requested  to  limit  their  selection  to  publications 
that  may  be  of  especial  interest  to  them.  Requests  for  publications 
should  be  addressed  to  the  Director,  Bureau  of  Mines. 

Bulletin  16. — The  uses  of  pe&t  for  fuel  and  other  purposes,  hy  G.  A.  Davif!.  1911. 
214  pp.,  IpL,  1  fig. 

Bulletin  42. — The  sampling  and  examination  of  mine  gases  and  natural  ga£>,  by 
G.  A.  Burrell  and  F.  M.  Seibert.    1913.    116  pp.,  2  pis.,  23  figs. 

Bulletin  45. — Sand  available  for  filling  mine  workings  in  the  Northern  Anthracite 
Coal  Basin  of  Pennsylvania,  by  N.  H.  Darton.    1913.    33  pp.,  8  pis.,  5  figs. 

Bulletin  47.— Notes  on  mineral  wastes,  by  C.  L.  Parsons.    1912.    44  pp. 

Bulletin  53. — Mining  and  treatment  of  feldspar  and  kaolin  in  the  southern  Appa- 
lachian region,  by  A.  S.  Watte.    1913.    170  pp.,  16  pis.,  12  figs. 

Bulletin  64. — The  titaniferous  iron  ores  of  the  United  States,  their  composition 
and  economic  value,  by  J.  T.  Singewald,  jr.    1913.    145  pp.,  16  pis.,  3  figs. 

Bulletin  81. — The  smelting  of  copper  ores  in  the  electric  furnace,  by  D.  A.  Lyon 
and  R.  M.  Keeney.    1915.    80  pp.,  6  figs. 

Bulletin  84. — ^Metallurgical  smoke,  by  C.  H.  Fulton.  1915.  94  pp.,  6  ph., 
15  figs. 

Technical  Paper  3. — Specifications  for  the  purchase  of  fuel  oil  for  the  Government, 
with  directions  for  sampling  oil  and  natural  gcus,  by  I.  C.  Allen.    1911.    13  pp. 

Technical  Paper  8. — Methods  of  analyzing  coal  and  coke,  by  F.  M.  Stanton  and 
A.  C.  Fieldner.    1913.    42  pp.,  12  figs. 

Technical  Paper  14. — Apparatus  for  gas-analysis  laboratories  at  coal  mines,  by 
G.  A.  Burrell  and  F.  M.  Seibert.    1913.    24  pp.,  7  figs. 

Technical  Paper  32. — The  cementing  process  of  excluding  water  from  oil  wells, 
as  practised  in  California,  by  Ralph  Arnold  and  V.  R.  Garfias.    1912.    12  pp.,  1  fig. 

Technical  Paper  38. — Wastes  in  the  production  and  utilization  of  natural  gas, 
and  means  for  their  prevention,  by  Ralph  Arnold  and  F.  G.  Clapp.    1913.    29  pp. 

Technical  Paper  39. — The  infiammable  gases  in  mine  air,  by  G.  A.  Burrell  and 
F.  M.  Seibert.    24  pp.,  2  figs. 

Technical  Paper  41. — Mining  and  treatment  of  lead  and  zinc  ores  in  the  Joplin 
district,  Missouri,  a  preliminary  report,  by  C.  A.  Wright.    1913.    43  pp.,  6  figs. 

Technical  Paper  43. — The  influence  of  inert  gases  on  inflammable  gaseous  mix- 
tures, by  J.  K.  Clement.     1913.    24  pp.,  1  pi.,  8  figs. 

Technical  Paper  50. — Metallurgical  coke,  by  A.  W.  Belden,  1913.  48  pp., 
1  pi.,  23  figs. 

Technical  Paper  66. — Mud-laden  fluid  applied  to  well  drilling,  by  J.  A.  Pollard 
and  A.  G.  Heggem.    1914.    21  pp.,  12  figs. 

Technical  Paper  68. — Drilling  wells  in  Oklahoma  by  the  mud-laden  fluid  method, 
by  A  G.  Heggem  and  J.  A.  Pollard.    1914.    27  pp.,  5  figs. 
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Tbchnioal  Paper  70. — ^Methods  of  oil  recovery  in  California,  by  Ralph  Arnold 
and  V.  R.  Garfias.    1914.    57  pp.,  7  figs. 

Technical  Paper  76. — Notes  on  the  sampling  and  analyeds  of  coal,  by  A.  C.  Field- 
ner.    1914.    59  pp.,  6  figs. 

Technical  Paper  88. — ^The  radium-uranium  ratio  in  camotites,  by  S.  C.  Lind 
and  C.  F.  Whittemore.    1915.    29  pp.,  1  pL,  4  figs. 

Technical  Paper  95. — Mining  and  milling  of  lead  and  zinc  ores  in  the  Wisconsin 
district,  Wisconsin,  by  C.  A.  Wright.    1915.    39  pp.,  2  pis.,  5  figs. 

Technical  Paper  110. — ^Monazite,  thorium,  and  mesothorium,  by  Karl  L.  Kithil. 
1915.    32  pp.,  1  fig. 

Technical  Paper  111. — Safety  in  stone  quarrying,  by  Oliver  Bowles.  1915. 
48  pp.,  5  pis.,  4  figs. 

Technical  Paper  126. — ^The  casting  of  clay  wares,  by  T.  G.  McDougall.  1916. 
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Cleopatra's  needle,  disintegration  of 19 
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Earthquakes,  causes  of 130-133 

classes  of 131 

types  of 132 

ElTdency ,  importance  of 146-146 
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Flux,  sale  of  scrap  as 120 

Folding  of  rocks 1 26 

O. 
Qang  cars,  loading  of 99 

use  of. 96 

Gantry  cranes,  use  of 90 

Geologic  maps,  value  of. 89 

Georgia  quarries,  methods  in 48, 70-71, 75, 88 
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Johnson,  John,  on  strains  in  sandstone 12t 
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Lithium  in  marble 6 

Lithonia,  Ga.,  anticlines  near 130, 131 

compression  in  quarry  at I3s 

M. 

MacDonald,  D.  F.,  on  earthquakesin  Pfmama     132 

Magnesium  carbonate  in  marble 5 

Manganese  oxide  in  mu ble 6 

Marble,  carving  of 107 

chemical  impurities  in 6 

classes  of 20,21 

color  of 11-13 

permanenceof 3S-36 

compoeltfoii  of C 


IKDEX. 


173 


Page. 

Marble,  oruahing  strongth  of 17 

definition  of 6 
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dressing  of,  plants  for 94 

elasticity  of 17-18 

foreign 13 
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Pyrite  in  marble,  composition  of 30 
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occurrence  of 30 

Q. 

Quarries,  drafaiage  of 88 
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Silicates  in  marble,  origin  of 34-^ 
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Swanton,Vt.,  marble,  hardness  of 8 
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waste  in 110-111 
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hydroelectric  power  plant  in 51 

marble,  color  of U 

polishingof. 104 
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